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S U M M A R Y
P rio r to  th e  w ork  d e sc r ib e d  in  th is  th e s is ,  an  o x y te tra cy c lin e  
(OTC) re s is ta n c e  g en e , otrA , had  b een  cloned  from  S. r im o su s  an d  
seq u en ced . S I n u c lea se  m apping exp erim en ts  s u g g e s te d  th a t  th e  
o trA  gene w as t r a n s c r ib e d  from  tw o p ro m o ters , 129bp (o trA p l)  an d  
339-344bp (o trA p2 ) u p s tre am  of th e  tra n s la t io n  s t a r t  codon.
F u r th e r  tra n s c r ip t io n a l  an a ly se s  d e sc r ib e d  in  th is  th e s is  confirm ed 
th e  p re se n c e  of th e  o trA p l  p rom oter, b u t show ed th a t  a  te ch n ica l 
a r t i f a c t  h ad  led  to  th e  e rro n e o u s  a ss ig n m en t of otrAp2* The
tra n s c r ip t io n  of th e  otrA  r e s is ta n c e  gene  w as exam ined a t  
d if fe re n t s ta g e s  in  th e  fe rm en ta tio n  o f OTC. D uring  th e  p e rio d  of 
in te n se  v e g e ta tiv e  g ro w th  w hich p re c e d e s  th e  p ro d u c tio n  of OTC, 
th e  otrA  r e s is ta n c e  gene was tr a n s c r ib e d  p red o m in an tly  from  
o trA p l. As th e  g ro w th  r a te  slow ed an d  th e  o n se t of an tib io tic  
p ro d u c tio n  a p p ro a ch e d , th e  re s is ta n c e  g ene  was tra n s c r ib e d  
in c re a s in g ly  a s  p a r t  of an  o tcC -o tcZ -o trA  p o ly c is tro n ic  m essage, 
w hile tra n s c r ip t io n  from  o trA p l d e c rea se d . The in c lu s io n  of th e
otrA  re s is ta n c e  g en e  in  a  tra n s c r ip t io n  u n it  a long  w ith  th e
b io sy n th e tic  g en es  o tcZ  an d  otcC  p ro b a b ly  e n s u re s  th a t  th e  level 
of re s is ta n c e  in c re a s e s  in  line  w ith  th e  b io sy n th e s is  of
o x y te tracy c lin e . F u rth e rm o re , th e  de lay  in  th e  p ro d u c tio n  of OTC 
can  be a t t r ib u te d ,  a t  le a s t in  p a r t ,  to  th e  tem poral re g u la tio n  of 
tra n s c r ip tio n .
The 1.3kb Sm al-B cR  frag m en t co n ta in in g  th e  o tcZ  b io sy n th e tic  
gene was seq u en ced . The amino ac id  seq u en ce  of th e  p re d ic te d  
gene p ro d u c t show ed homology to  a  m e th y ltra n s fe ra se  from  bovine 
p in ea l g lan d s  and  to  a  reg io n  of th e  te tracen o m y c in  c lu s te r ,  w hich 
is also im plicated  in  m ethylation. The o tcZ  g ene  p ro d u c t is  th o u g h t 
to  ca ta ly se  th e  C-6 m ethylation  of th e  te tra c y c lic  n u c leu s  to  form  
6 -m e th y lp re te tram id .
S equencing  of a  0.96kb S p h l- S s t l  f rag m e n t w hich w as located  
im m ediately u p s tre am  of otcC  id en tified  two PPCRs, o tcX  PPCR1 and
PPCR2, th a t  w ere  encoded  on th e  o p p o site  s t r a n d  to  otcC, o tcZ  
an d  otrA , No homology was fo u n d  be tw een  th e  amino ac id  
seq u e n c es  of th e  p re d ic te d  gene  p ro d u c ts  a n d  e n tr ie s  in  th e  
N B R F-protein an d  EMBL d a tab a ses . The S p h l-S s tL  f rag m e n t h ad  
been  show n p re v io u s ly  to  h y b rid iz e  to  a  re g io n  of th e  
a c tin o rh o d in  c lu s te r  of S, coelicolor, w hich  w as im plicated  in  
hy d ro x y la tio n . I t  is  p o ssib le  th a t  th e  p o ly p e p tid e s  en co d ed  b y  
otcX  PPCRl an d  PPCR2 have ro le s  in  th e  C-4 h y d ro x y la tio n  of 6 - 
m e th y lp re te tram id .
P rim er ex ten s io n  a n a ly se s  id en tified  th e  5* e n d s  of b o th  th e  mRNA 
of o tcX  PPCRl a n d  PPCR2 an d  th e  otcC -o tcZ -o trA  m essage. T hese  
d iv e rg e n t t r a n s c r ip ts  w ere n o n -o v e rla p p in g . A lignm ent of th e  DNA 
seq u e n c es  im m ediately u p s tre am  of th e  5’ e n d s  of th e s e  
t r a n s c r ip ts  re v e a le d  sev e ra l c o n se rv e d  fe a tu re s ,  w hich  may be 
in vo lved  in  th e  in itia tio n  an d  re g u la tio n  of tra n s c r ip t io n . The m ost 
s tr ik in g  of th e se  w as a  tandem  re p e a t, w hich h ad  seq u e n c e  
sim ila rity  to  th e  reco g n itio n  seq u en ce  o f th e  PhoB re g u la to ry  
p ro te in . U n d er co n d itio n s  of low p h o sp h a te , PhoB a c tiv a te s
tra n s c r ip t io n  of th e  p h o sp h a te  o p e ro n  in  E, coli. As
o x y te tra cy c lin e  is  on ly  p ro d u c e d  u n d e r  co n d itio n s  of low 
p h o sp h a te , i t  is  p o ssib le  th a t  a  fu n c tio n a l analogue  o f PhoB 
re g u la te s  t r a n s c r ip t io n  of th e  o tc  c lu s te r  in  S, rim osus.
An a n a ly s is  of seq u en ces  dow nstream  of th e  p u ta tiv e  t r a n s la t io n  
s t a r t  codons of th e  g en es  d e sc rib e d  in  th is  th e s is  an d  a  se lec tio n  
from  o th e r  S trep to m y c es  spp . h a s  id e n tif ie d  a t  le a s t  th r e e  
co n secu tiv e  n u c leo tid es  in  th e  f i r s t  10 codons of e v e ry  g en e , 
w hich a re  com plem entary  to  some p a r t  of th e  5* en d  of 16S rRNA 
from  S trep to m y c es , I t  is  p ro p o sed  th a t  b a se  p a ir in g  b e tw een  th e  
5’ en d  of 16S rRNA an d  com plem entary  n u c leo tid es  a t  th e  5* en d  of 
a  gene m aybe im p o rtan t in  d e te rm in in g  th e  e ffic ien cy  of 
tra n s la tio n .
x
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G enera l In tro d u c tio n
The p rim ary  o b jec tiv e  of th is  c h a p te r  is  to  p ro v id e  th e
b a c k g ro u n d  to  th e  experim en tal in v e s tig a tio n s , w hich  a re  d e sc r ib e d  in  
th is  th e s is . F irs tly , a  rev iew  of th e  m echanism s, w hich  c o n tro l th e
global ch an g es  in  gene  ex p re ss io n  th a t  u n d e rlie  th e  developm ent of 
S tre p to m y c e s , will be p re se n te d . P a r tic u la r  em phasis will be g iv en  to  th e  
in te g ra tio n  of sec o n d a ry  m etabolism  (g e n e ra lly  r e f e r r e d  to  a s  an tib io tic  
p ro d u c tio n ) in to  th e  life  cycle.
D uring  th e  c o u rse  of th is  w ork , c o n se rv e d  seq u e n c es  w ere 
id e n tif ie d  w ith in  p ro m o ters  of th e  o x y te tra cy c lin e  c lu s te r .  T hese DNA 
d e te rm in a n ts  w ere  sim ilar to  th e  p h o  boxes, w hich  a re  fo u n d  in  E. coli 
p ro m o te rs  th a t  a re  re g u la te d  b y  p h o sp h a te . A lthough  a  m olecula/*
g en e tic  a p p ro a ch  was u se d  to  an a ly se  th e  p ro d u c tio n  of o x y te tra cy c lin e  
in  th is  w ork , physio log ical fa c to rs  th a t  in flu en ce  th e  o n s e t of sec o n d a ry  
m etabolism  an d  m orphological d iffe re n tia tio n , p a r tic u la r ly  p h o sp h a te  
lim itation , will be s u rv e y e d  b r ie f ly  to  p ro v id e  th e  n e c e s sa ry  
b a ck g ro u n d  fo r  d iscu ss io n  on th e  p o ssib le  ro le  of th e  DNA 
d e te rm in a n ts  rev ea led  b y  m olecular an a ly s is .
W ithin th is  th e s is , experim en ta l ev id en ce  is  p re s e n te d , w hich 
s u g g e s ts  th a t  th e  delay  in  th e  p ro d u c tio n  of o x y te tra cy c lin e  can  be 
a t t r ib u te d ,  a t  le a s t in  p a r t ,  to  th e  tem pora l re g u la tio n  of t ra n s c r ip t io n . 
T h e re fo re , r e c e n t  p u b lica tio n s, w hich h av e  c o n tr ib u te d  s ig n if ic a n tly  to  
o u r  u n d e rs ta n d in g  of S tre p to m y e s  g ene  ex p re ss io n  will a lso  be
d iscu ssed .
F inally , r e c e n t  ad v an ces  in  o u r  u n d e rs ta n d in g  of th e  b io sy n th e s is  
of o x y te tra cy c lin e  an d  re la te d  p o ly k e tid e  a n tib io tic s  will be rev iew ed .
1.1 In tro d u c tio n  to  S trep to m y c es
M embers of th e  g en u s  S tre p to m y c e s  a re  aero b ic , G ram -positive  soil 
b a c te r ia  th a t  u n d e rg o  complex m orphological a n d  phy sio lo g ica l 
d iffe ren tia tio n . S trep to m y c es  genom es h ave  b een  e stim ated  b y  
re n a tu ra t io n  k in e tic s  to  be in  th e  ra n g e  6 to  9 m egabases (A ntonov e t  
<ai., 1978), w hich is up  to  tw ice th e  v a lu es  fo r  E. coli K12 an d  B acillus
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F ig u re  1.1. D evelopm ent of S tr e p to m y c e s  coelico lor. I ta l ic is e d  g e n e  
sym bols in d ic a te  th e  in v o lv em en t of p a r t i c u la r  g en e  p ro d u c ts  in  th e  
acco m p lish m en t of g iv e n  s ta g e s  o f d e v e lo p m en t. T he in n e r  c y c le
( ) o c c u rs  o n ly  w ith  b id  A and  bldD  m u ta n ts  g ro w n  on  m edium
c o n ta in in g  g lu c o se  a s  th e  c a rb o n  s o u rc e . D u rin g  g ro w th  on  m an n ito l 
p h e n o ty p ic  s u p p re s s io n  of bldA  a n d  bldD  m u ta n ts  o c c u rs  a n d  th e  
o u te r  cy c le  o c cu rs .-  From  C h a te r  a n d  M e rric k , 1979.
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s u b til is  (H u tte r an d  E c k h a rd t, 1988). R ecen t a n a ly s is  o f th e  S, coelicolor  
chrom osom e, b y  p u lse - f ie ld  gel e le c tro p h o re s is , does n o t c o n tra d ic t th e  
size  estim ates  b a sed  on k in e tic  a n a ly s is  (c ited  in  Hopwood a n d  K ieser, 
1990). A d is tin c t fe a tu re  of s tre p to m y c e te s  is  th e  h ig h  p ro p o rtio n  of 
g u an in e  (G) an d  c y to sin e  (C) in  th e ir  genom es, a v e ra g in g  a t  73 mol% G+C 
(E n q u is t an d  B rad ley , 1971). The an a ly s is  of codon u sag e  in  
S tre p to m y c e s  show s s tro n g  b ias in  fa v o u r  of codons w ith  G o r  C in  th e  
th i r d  p o sition  (Bibb e t  aL, 1984). From a  file co n ta in in g  63 S trep to m y c es  
g en es  (compiled b y  M ervyn Bibb, u n p u b lish e d  w ork), i t  w as show n th a t  
G re s id u e s  (42%) a re  fa v o u re d  o v e r  C re s id u e s  (27%) in  th e  f i r s t  codon 
p o sitio n , C re s id u e s  (29%) a re  p re fe r r e d  o v e r  G re s id u e s  (16%) in  th e  
second  position  an d  C re s id u e s  (55%) a re  p re fe r r e d  to  C re s id u e s  (36%) 
in  th e  th i r d  codon position . T h e re fo re , th e  a v e ra g e  mol G+C com position 
in  th e  f i r s t ,  second  a n d  th ir d  p o sitio n  of a  codon is  69%, 45% an d  91% 
re sp e c tiv e ly .
S trep to m y c es  a re  of in te r e s t  fo r  two p r in c ip a l re a so n s . F irs tly , 
th e i r  m orphological d iffe re n tia tio n  from  v e g e ta tiv e  mycelium  to  ch a in s  of 
sp o re s  is  a  re la tiv e ly  sim ple system  fo r  s tu d y in g  th e  m echanism s, w hich 
re g u la te  th e  ex p re ss io n  of developm ental genes* S econd ly , th is  g e n u s  
p ro d u c e s  a  p le th o ra  of complex chem ical s t r u c tu r e s ,  m any of w hich h ave  
im p o rtan t p h arm aceu tica l p ro p e r tie s . T hese com pounds have  b een  
d e s ig n a te d  " seco n d ary  m etabolites"  as  th e y  a re  n o t in v o lv ed  in  th e  
v e g e ta tiv e  g row th  of th e  m icroorganism  an d  th e y  a re  th o u g h t to  be  
p ro d u c e d  g en era lly  a s  an  a d ju n c t  to  th e  d iffe re n tia tio n  p ro c e ss .
1.2 S tre p to m y c e s  life  cycle .
The S trep to m y c es  life cycle  (F ig u re  1.1), can  be  c o n sid e re d  to  
s t a r t  w ith  th e  germ ination  of a  sp o re  (C hater, 1984). The germ ling  grow s 
ap ica lly  and  b ra n c h e s  to  form  a  m at of i r r e g u la r  s e p ta te  filam ents, 
know n a s  th e  s u b s tr a te  mycelium. When n u tr ie n ts  becom e lim iting, a e r ia l 
mycelium a re  p ro d u ced  from  th e  s u b s t r a te  mycelium. The t ip s  of th e se  
mycelium coil an d  th e  h y p h ae  s e p ta te  to  form  sp o re s . A fte r m atu ra tio n , 
w hich invo lves th e  th ick en in g  an d  ro u n d in g  of th e  sp o re  wall, th e  
p ro p a g u le s  a re  re leased .
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In  soil a n d  leaf l i t te r ,  S tre p to m y c e s  sp p . a re  eco lo g ica lly -im p o rtan t 
m icroorgan ism s fo r  re c y c lin g  dead  p la n t m ateria l, w hich  is  com posed 
la rg e ly  of com plex p o ly sacch a rid es , lig n in  a n d  cellu lose. Sim ilar to  o th e r  
soil m icroorgan ism s su c h  as  fu n g i an d  bacilli, th e  s tre p to m y c e te s  
s e c re te  a  b a t te r y  of e x tra ce llu la r  enzym es to  d e g ra d e  th e s e  re c a lc i t r a n t  
s u b s tr a te s .  ,
The m ycelial g ro w th  h a b it is  well a d a p te d  to  u tilise  th e s e  complex, 
in so lu b le  po lym ers, w hich  have to  be d e g ra d e d  e x tra c e llu la r ly  b e fo re  
th e y  can  be ta k e n  u p  b y  th e  o rgan ism  a n d  u se d  fo r g row th . S ig n ific an t 
fa c to rs  lim iting g ro w th  a re , p re su m ab ly , th e  r a te  of d iffu sio n  of 
enzym es aw ay from  th e  colony an d  th e  r a te  of d iffu sio n  of so lub le  
d e g ra d e d  p ro d u c ts  b ack  to  th e  colony.
M ycelial o u tg ro w th  from an  in itia l p o in t of co lon isation , a s  a  
d is p e rs e d  m at p ro b a b ly  minimises ra p id  n u tr ie n t  ex h au stio n  b y  
e n su r in g  th a t  th e  grow ing p a r t s  of th e  colony a re  c o n tin u a lly  
e n c o u n te r in g  new so u rc e s  of n u tr ie n ts .  However, g ro w th  in  a  localised  
a re a  does n o t fa v o u r d isp e rsa l of th e  sp ec ies . H aving e x h au s te d  a  
n u tr ie n t  so u rce , a  sp ec ie s  m ust be ab le  to  colonise new a re a s  in  o rd e r  
to  have  a n y  ch an ce  of su rv iv a l. In  S tre p to m y c e s , th is  re q u ire m e n t is  
m et b y  th e  form ation  of s p o r e s , . w hich can  be d is p e rse d  b y  a ir  o r  
w ater.
H isto rically , i t  w as th o u g h t th a t  a n tib io tic s  m ight p lay  a
re g u la to ry  ro le  in  d iffe ren tia tio n . R ecen t ev id en ce  s u g g e s ts  t h a t
pam am ycin s tim u la tes  th e  form ation of a e r ia l mycelium an d  may a c t a s
a  s ig n a l fo r  colonial developm ent in  th e  p ro d u c in g  s t r a in  S. a lb o n ig er  
(Kondo e t  al,, 1988). This is u n lik e ly  to  be a  g e n e ra l ro le  of sec o n d a ry  
m etabo lites, how ever, a s  m u tan ts  of m any S tre p to m y c e s  sp p ., w hich h av e  
lo s t th e  a b ility  to  p ro d u ce  an tib io tic s , a re  v iab le  an d  can  com plete th e i r  
life cycle  u n d e r  la b o ra to ry  cond itions. By a  sim ilar a rg u m en t, s e c o n d a ry  
m etabolites a re  u n lik e ly  to be s h u n t  p ro d u c ts , w hich  a llev ia te  th e  
p o te n tia l toxic accum ulation  of m etabolic in te rm e d ia te s , a s  g ro w th  slow s 
and  c u ltu re s  e n te r  s ta tio n a ry  p h ase  (as p ro p o sed  b y  H u n te r an d
B aum berg, 1989).
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I t  is  g e n e ra lly  e n v isa g e d  th a t  th e  d e g ra d a tio n  of th e  s u b s tr a te  
mycelium p ro v id e s  p re c u r s o r s  an d  e n e rg y  fo r  th e  g ro w th  of th e  a e r ia l 
mycelium. A ntib io tic  p ro d u c tio n  is  u su a lly  co in c id en ta l w ith  th e
form ation  of th e  a e r ia l mycelium. I t  h as  b een  a rg u e d  e lo q u en tly , on th e  
b a s is  o f te leo logical co n s id e ra tio n s , th a t  th e  g e n e ra l ro le  of seco n d a ry  
m etabolites is to  p re v e n t  in v asio n  of th e  ly s in g  s u b s t r a te  mycelium b y  
motile, u n ice llu la r m icroorganism s, fo r  exam ple, bacilli (C h a te r , 1984). The 
tim ing of an tib io tic  p ro d u c tio n  is  c lea rly  c e n tra l  to  th is  h y p o th e s is .
1.3 D evelopm ental B iology o f S tre p to m y c e s  coelico lor
T h ere  h as  b een  a  g re a t  deal of in te r e s t  in  th e  m orphological 
developm ent of S tre p to m y c e s  an d  m any m u tan ts , b lo ck ed  a t  d if fe re n t 
s ta g e s  in  th e  life  cycle  of S. coelicolor  A3(2), h av e  b een  iso la ted  
(C h a ter an d  M errick , 1979). Two c la sses  of m u ta n ts  w ere  id en tified ; ba ld  
{bid) m u tan ts , w hich do n o t form  ae ria l mycelium o r  p ro d u c e , in  g en era l, 
a n y  of th e  a n tib io tic s  a sso c ia ted  w ith  th is  s t ra in , a n d  w hite  ( whi) 
m u tan ts , w hich form  a e r ia l mycelium an d  p ro d u c e  a n tib io tic s , b u t  do n o t 
form  p igm ented , m atu re  sp o re s  (F ig u re  1.1). With m olecular gen etic  
a p p ro a ch e s  now p o ssib le , th e  c h a ra c te r is a tio n  of th e s e  m u tan ts  is  
re v e a lin g  in te re s t in g  fa c e ts  ab o u t th e  p ro c e sse s  th a t  a r e  in s tru m e n ta l in  
S tre p to m y c e s  developm ent.
BldA  m u tan ts  a re  un ab le  to  form  a e r ia l mycelium  an d  p ro d u ce  
a n tib io tic s  (P ire t an d  C h ater, 1985). S eq u en cin g  of a  DNA segm en t w hich 
com plem ents th is  m uta tion  d id  no t id e n tify  a n y  p o te n tia l p ro te in  cod ing  
re g io n s  (PPCR). In s te a d , i t  was d ed u ced  th a t  th is  re g io n  of DNA could  
encode a  RNA p ro d u c t w ith  th e  s t r u c tu r e  of a  leu cin e  tRNATTA (Lawlor 
e t  al., 1987). The ex is tin g  ev idence  s u g g e s ts  th a t  TTA codons may be 
a b s e n t  from  th e  s t r u c tu r a l  gen es  fo r  m orphological d if fe re n tia tio n  an d  
an tib io tic  p ro d u c tio n , b u t  p re s e n t  in  a  small s u b s e t  of g en es  a sso c ia ted  
w ith  th e  reg u la tio n  of th e se  p ro c e sses . R ecen tly , in  S. coelicolor, i t  h as  
been  show n th a t  th e  ex p re ss io n  of five  g en es  co n ta in in g  TTA codons is 
d e p e n d e n t on th e  bldA  gene  p ro d u c t (Leskiw  e t  al., c ite d  in  G u th rie  an d
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C h ater, 1990). T his d ep en d en cy  p ro v id e d  com pelling ev id en ce  th a t  bldA  
sp ec ifie s  a  leu c in e  tRNA w hich is  a c tiv e ly  in v o lv ed  in  p ro te in  sy n th e s is . 
The ra re ly  u sed  TTA codon h as  been  id e n tif ie d  in  th e  a c t l l  g ene , w hich 
re g u la te s  p o s itiv e ly  a c tin o rh o d in  p ro d u c tio n  (S ection  1.6), an d  in  a  
p u ta tiv e  a c tin o rh o d in  re s is ta n c e  gene  (Hopwood p e rs .  comm.). V ery 
re c e n tly , th e  accum ulation  of a n  u n d e sc r ib e d  t r a n s c r ip t  encod ing  a t  
le a s t one gene from  th e  u n d ecy lp ro d ig io s in  (red )  c lu s te r  of S. coelicolor 
A3(2) w as show n to  be d e p en d e n t on th e  e x p re ss io n  of bldA  (G uthrie  
an d  C h ater, 1990). On m edia co n ta in in g  low lev e ls  o f p h o sp h a te , how ever, 
th e  bldA  m u tan t w as ab le to  p ro d u ce  u n d e cy lp ro d ig io s in . T hese 
experim en ts  re v e a le d  th a t  th e  in a b ility  of th e  bldA  m u tan t to  p ro d u ce  
th is  an tib io tic  c an n o t be acco u n ted  fo r  by  th e  p re s e n c e  of TTA codons 
in  th e  r e d  s t r u c tu r a l  gen es , b u t  r a th e r ,  bldA  in flu en ces  th e  
tra n s c r ip t io n  of r e d  g enes. U n d er co n d itio n s  of low p h o sp h a te , an  
a lte rn a tiv e  re g u la to ry  p a thw ay  (in d e p e n d en t of bldA) can  lead  to  r e d  
gene ex p ress io n  (G uthrie  and  C h ater, 1990).
S eq uencing  of th e  DNA th a t  com plem ents th e  whiG  m u tan t, re v ea led  
an  ORF w ith  th e  p o ten tia l to  encode a  p o ly p e p tid e  w ith  s tr ik in g  
seq u en ce  sim ilarity  to  th e  a28 p o ly p ep tid e  from  B. s u b ti l is  (C h a ter e t  al., 
1989). This s u g g e s te d  s tro n g ly  th a t  th e  p ro m o te rs  fo r  a  s u b s e t  of 
g en es , w hose p ro d u c ts  w ere re q u ire d  fo r  developm en t of sp o re s  from  
a e r ia l h y p h ae , w ere  re co g n ised  b y  an  a lte rn a tiv e  sigm a fa c to r , a"1"*5, In  
B. s u b tilis  and  E. coli, th e  a28-RNA polym erase  holoenzym e tr a n s c r ib e s  
g en es  a sso c ia ted  w ith  chem otaxis an d  m otility  (C ham berlain , p e rs . comm.), 
a t  th e  en d  of exponen tia l g row th  w hen filam en tous, m u ltin u c lea te , n o n - 
motile cells d iv ide  to  form  u n in u c lea te , motile cells. M utan ts of B. s u b tilis  
d e fic ien t in  a28 rem ain  filam entous and  non-m otile  (Helman e t al., 1988). 
I t  h as  b een  su g g e s te d  th a t ,  a p a r t  from  m otility , th e  ab o v e  p h en o ty p e  is  
v e ry  sim ilar to  th a t  of whiG m u tan ts , w hich a re  u n ab le  to  develop  
beyond  th e  ex tension  of a e ria l h y p h ae  (C hater, 1989). This fam ily of a 
fa c to rs  may have a g e n e ra l ro le  in  th e  d is p e rs a l  of b a c te r ia  d u rin g  
n u tr ie n t  lim itation.
DNA com plem enting th e  whiE  m u tan t, w hich is d e fic ien t in  sp o re  
p igm enta tion , h as been  seq u en ced  an d  show n to  . co n ta in  ORFs th a t
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c o rre sp o n d  c lea rly  to  th o se  of know n p o ly k e tid e  s y n th a s e  (PKS) g e n e s  
(Section 1.12) (Davis an d  C h ater, 1990). The b io sy n th e s is  of th e  g r e y -  
g re e n  sp o re  p igm ent a p p e a rs  to  be a  sp ec ific  fe a tu re  of a e r ia l h y p h a e  
(Davis an d  C h ater, 1990), un like  o th e r  a n tib io tic s  w hich a re  p re su m ed  to  
be sy n th e s iz e d  b y  th e  s u b s tr a te  mycelium. The b io sy n th e s is  of sp o re  
p igm ent in  S . coelicolor may be u n d e r  novel tem p o ra l an d  sp a tia l 
co n tro l. I t  would be v e ry  in te re s t in g , th e re fo re , to  id e n tify  th e  fa c to rs  
n e c e s sa ry  fo r  th e  tra n s c r ip tio n  of th e  whiE  locus.
A model fo r  th e  o sm oregu lation  of d if fe re n tia tio n  h a s  b e e n  
p ro p o sed  on th e  b asis  of th e  o b se rv e d  o sc illa tions in  th e  in tra c e l lu la r  
levels  of g lycogen  (C hater, 1989). D uring  th e  d iffe re n tia tio n  p ro c e s s , 
th e re  is  a  cycle  be tw een  th e  s y n th e s is  an d  d e g ra d a tio n  of c a rb o n  
s to ra g e  com pounds. G lycogen g ra n u le s  a re  accum ula ted  p r io r  to  th e
form ation of a e r ia l mycelium an d  th e n  d e g ra d e d  d u r in g  th e  ex ten s io n  of 
th e  a e r ia l h y p h ae  (Wildermuth, 1970). G lycogen is  a g a in  s y n th e s iz e d , 
im m ediately p r io r  to  th e  form ation  of th e  u n in u c lea te  sp o re s  (H ard isson  
e t  al., 1986). The sw itch  betw een  s y n th e s is  a n d  d e g ra d a tio n  is  p re su m ed  
to  cau se  f lu c tu a tio n s  in  th e  osm otic p o te n tia l of th e  mycelium. I t  is  
p ro p o sed  th a t  in c re a se d  tu r g o r  p re s s u re  due  to  th e  d e g ra d a tio n  of 
g lycogen  g ra n u le s  p ro v id e s  th e  "d riv in g  fo rce"  fo r  th e  ex ten s io n  of th e  
a e r ia l h y p h ae  an d  th e  " ro u n d in g  off" of th e  sp o re  co m partm en ts.
S im ilarly , th e  accum ulation of g lycogen  a t  th e  en d  of h y p h a l ex ten s io n  is  
p re d ic te d  to  cau se  a  re d u c tio n  in  tu r g o r  p re s s u re ,  w hich  p e rm its  th e  
form ation of sep ta . At p re s e n t, i t  is  open  to  d eb a te  w h e th e r  th e
flu c tu a tio n s  in  th e  ab u n d an ce  of g ly co g en  h as  a  re a l  ro le  in  th e  
osm oregulation  of d iffe ren tia tio n  o r  is  m erely  a  co n seq u en ce  of c h a n g e s  
in  th e  su p p ly  an d  dem and fo r  c e llu la r p re c u rs o r s .  This model id e n tif ie s  
th e  im portance  of th e  o v era ll p h y sio lo g y  of th e  mycelium an d  in  
p a r tic u la r , th e  osmotic balance. I t  was a lso  p ro p o sed  th a t  th e  p ro d u c ts  
of some bid  genes may re g u la te  polym er s y n th e s is  an d  d e g ra d a tio n . 
D epending on th e  g row th  s u b s tr a te ,  tu r g o r  p re s s u re  may be g e n e ra te d  
by  m etabolic pa thw ays n o t re g u la te d  b y  b id  g en es  an d  th is  cou ld  
p ro v id e  a  possib le  exp lanation  fo r  th e  d ep en d en ce  of some b id
p h e n o ty p es  on th e  ty p e  of g row th  medium (C hater, 1989).
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1.4 M edical a n d  Commercial I n te r e s ts  in  S tre p to m y c e s
S tre p to m y c e s  p ro d u ce  a  m u ltitu d e  of sec o n d a ry  m etabo lites, w hich 
ra n g e  from  simple amino ac id  an a lo g u es  to  complex m acrocyclic 
com pounds (Goodfellow an d  O’Donnel, 1989). Of th e  six th o u sa n d  o r  so 
b ioactive  com pounds now c h a ra c te r is e d , 60% of th e s e  a re  p ro d u c e d  b y  
S tre p to m y c e s  (Omura, 1986). However, on ly  a b o u t 70 of th e  com pounds 
d e riv e d  from  S trep to m y c es  s a tis fy  th e  h ig h  s ta n d a rd s  re q u ire d  c lin ically  
fo r  e fficacy  an d  to le rab ility .
Many of th e  an tib io tic s  p ro d u c e d  b y  S tre p to m y c e s  a re  of m edical 
im portance . Examples inc lude; th e  13-lactams p en ic illin  G an d  cepham ycin , 
th e  te tra c y c lin e  se r ie s  of p o ly k e tid e  an tib io tic s , th e  am inoglycosides 
neom ycin, spectinom ycin  an d  kanam ycin  a n d  th e  p e p tid e  a n tib io tic s  
actinom ycin  an d  vancom ycin. Com pounds p ro d u c e d  b y  th e  s tre p to m y c e te s  
a re  n o t on ly  u sed  a s  a n tib a c te r ia l a g e n ts  in  c lin ical in fec tio n s . The 
p o ly e th e rs  m onensin an d  lasalocid  p ro d u c e d  b y  S. c innam onensis  an d  S. 
lasa locid , re sp e c tiv e ly , a re  th e  m ost w idely  u se d  an tico cc id a l a g e n ts  fo r  
co n tro llin g  p a ra s itic  p ro tozoa  in  p o u ltry . T hese com pounds a re  u sed  
also  as  g ro w th  p rom otan ts  in  ru m in an ts  (S chum ard  an d  C allender, 1968; 
M itrovic an d  S ch ild n ech t, 1974). The an tih e lm in th ics  av erm ec tin  an d  
m ilbem ycin p ro d u ced  b y  S. a verm itilu s  a n d  S trep to m y c es  sp p . NRRL 5370 
re sp e c tiv e ly , h ave  p o te n t a c tiv ity  a g a in s t  nem atode in fec tio n s  of farm  
anim als (B urg  e t al., 1979; Pat. No. DT2329485). The tr ip e p tid e  an tib io tic  
b ia laphos, p ro d u ced  b y  S. h y g ro sc o p icu s ,  h as a  p o te n t h e rb ic id a l
a c tiv ity  w hen c leaved  by  a  p e p tid a se  in  p la n ts  (B ayer e t  al., 1972). The 
S tre p to m y c e s  p ro d u ce  a lso  a  v a s t  ra n g e  of o th e r  p h a rm a lo g ica lly -ac tiv e  
com pounds, in c lu d in g  an ti-in flam m ato ry , v a so d ila to ry  an d  a n ti-c a n c e r  
a g e n ts  (Ninomija e t  al., 1980; Blum an d  C a rte r , 1974; Y oshida e t  al., 
1982). The p o ten tia l to  d isco v e r sec o n d a ry  m etabo lites w ith  novel 
p h a rm aceu tica l p ro p e r tie s  is an  obv ious re a so n  fo r co n tin u in g  th e
s tu d y  of S trep to m yces .
R ecently , th e  ab ility  of S trep to m y c es  sp p . to  s e c re te  a  v a r ie ty
of e x tra ce llu la r  enzym es has been  th e  focus of co n sid e rab le  a tte n tio n .
The a n a ly s is  of sev e ra l genes encod ing  s e c re te d  p o ly p ep tid e s  s u g g e s ts
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th a t ,  a s  in  E. coli, a  s ig n a l seq u en ce  a t  th e  amino te rm in u s  o f th e  g en e  
p ro d u c t co n ta in s  th e  ta rg e tin g  in fo rm ation  fo r  s e c re tio n  of th e  
p o ly p ep tid e . The p rom oter an d  s ig n a l seq u en ce  of a  p ro te in  p ro te a se  
in h ib ito r  (LTI) in  S. liv id a n s  h a s  b een  show n to  d ire c t  e x p re ss io n  a n d  
e x p o rt of sCD4, a  so luble  d e r iv a tiv e  of th e  hum an T -ce ll r e c e p to r  CD4 
th a t  a c ts  as  a  re c e p to r  fo r  th e  HIV v iru s  (B raw ner e t  al., 1990). The 
v a s t  am ount of know ledge th a t  h a s  b een  g a ined  from  th e  developm en t of 
ad v an ced  fe rm en ta tio n  sy stem s fo r  a n tib io tic  p ro d u c tio n , cou ld  b e n e f it  
th e  developm ent of S trep to m y c es  sp p . a s  h o s ts  fo r  th e  p ro d u c tio n  a n d  
s e c re tio n  of small g e n e tic a lly -e n g in e e re d  p o ly p ep tid es.
1.5 O rg an isa tio n  of G enes fo r  A ntib io tic  B io sy n th esis
The s t ru c tu ra l  g en es  fo r  th e  b io sy n th e s is  of a ll th e  a n tib io tic s  
(u sed  h e re  as  a  g en e ra l te rm  fo r  sec o n d a ry  m etabo lites), so f a r  s tu d ie d , 
a re  c lose ly  lin k ed  in  s ing le  c lu s te r s  (H un ter an d  B aum berg , 1989). 
O rth o g o n a l-fie ld  gel e le c tro p h o re s is  h a s  re v ea led  th a t  th e  g e n es  fo r  
m ethylenom ycin  p ro d u c tio n  a re  co n ta in ed  on th e  "g ia n t l in e a r  p lasm id", 
SCP1 (ca. 350-520 kb) (K inashi e t  ah , 1987) confirm ing  th e  e a r ly  g e n e tic  
ev id en ce  (K irby and  Hopwood, 1977), w hich  su g g e s te d  th a t  th e  g e n es  
h ad  a n  extrachrom osom al location. A p a rt from  th e  gene  c lu s te r  fo r  
m ethylenom ycin  A, all th e  o th e r  an tib io tic  c lu s te r s  would a p p e a r  to  be  
located  on th e  chromosome.
T here  have b een  few re p o r ts  on  th e  o v e ra ll o rg a n isa tio n  o f 
tra n s c r ip t io n  w ith in  an tib io tic  c lu s te rs .  T his may re f le c t  th e  d if f ic u lty  
ex p erien ced  b y  many g ro u p s  in  id e n tify in g  S tre p to m y c e s  t r a n s c r ip t s  
u s in g  N o rth e rn  an a ly sis . The o v e ra ll tra n s c r ip t io n a l  o rg a n isa tio n  of th e  
ac tin o rh o d in  an d  m ethylenom ycin c lu s te r  h as been  d ed u ced , h o w ev er, 
b y  v ir tu e  of th e  m utational c loning  s t r a te g y  u se d  to  clone a n d  a n a ly se  
g en es  invo lved  in  an tib io tic  b io sy n th e s is . U sing th is  a p p ro a c h , DNA 
frag m e n ts  in s e r te d  in to  an  a tt-d e le te d  d e riv a tiv e  of a c tin o p h ag e  0C31 
d ire c t  in te g ra tio n  of th e  v e c to r  in to  th e  hom ologous reg io n  of th e  h o s t  
genom e, th e re b y  p o ten tia lly  d is ru p tin g  gene  ex p ress io n . I t  w as p re d ic te d  
th a t  in te g ra tio n  would be m utagenic w hen th e  in s e r t  was com plete ly  
in te rn a l  to  a  tra n s c r ip tio n  u n it (C h a ter an d  B ru ton , 1983).
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Pst I map of cloned DNA from the mmy region of SCPI
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Putative transcripts
2kJB
— j— -------v  y
j Regulatory? At least two
Repressor? biosynthetic genes
V “
At least two biosynthetic genes 
Resistance gene
F ig u re  1.2. P re lim in a ry  t r a n s c r ip t io n  map o f th e  m ethy lenom ycin  
p ro d u c tio n  g e n e  c lu s te r .  PstL s i te s  a r e  show n  b y  a  v e r t ic a l  b a r . 
From  C h a te r  a n d  B ru to n , 1985.
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F ig u re  1.3. P re lim in a ry  tra n s c r ip t io n  map o f  th e  g e n e  c lu s te r  fo r  
a c tin o rh o d in  p ro d u c tio n . (a) P u ta t iv e  t r a n s c r ip t s  from  th e  
m u ta tio n a l c lo n in g  ex p erim en ts, (b) P u ta t iv e  t r a n s c r ip t s  ded u ced  
from  S I  n u c lea se  m apping  ex p erim en ts , (c) L oca tion  o f g en es  a s  
d e d u c e d  b y  com plem entation  te s t s  (M a lp artid a  a n d  Hopwood, 1986). 
M odified from  Hopwood e t  a l , 1986.
Sites for termination of transcription
■o
sir B1 aon D str R
strB P J
ll3 ?  1T2?
aphD P2 J  
iT l?
aphD PI J
Gcr.es
Promoter 
Tcmunators ?
Transcripts
F ig u re  1.4. P re lim in ary  tra n s c r ip tio n  map a ro u n d  th e  aphD  gene , 
w h ich  is p a r t  of th e  gene  c lu s te r  fo r  • s tre p to m y c in  p ro d u c tio n . From 
D is tle r e t  al., 1988.
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The a n a ly s is  of 0C31 c o n s tru c ts ,  w hich cau sed  gene  d is ru p tio n , 
s u g g e s te d  th a t  th e  g en es  fo r  th e  b io sy n th e s is  of m ethylem om ycin ( th e  
m m y  g en es) w ere o rg a n ised  in to  two tra n s c r ip t io n  u n its , one of w hich 
also  encoded  th e  m ethylenom ycin  re s is ta n c e  (mmr) g en e  (F ig u re  1.2) 
(C h a ter an d  B ru ton , 1985). S eq u en cin g  of a  DNA seg m en t encod ing  th e  
mmr g ene  rev ea led , how ever, th a t  th is  p a r t ic u la r  gene  h a s  to  be  
tra n s c r ib e d  in  th e  opposite  d ire c tio n  to  th a t  p re d ic te d  b y  m utational 
c lon ing  (Neal an d  C hater, 1987). I t  is  n o t c lea r  w hy  a n  anom alous r e s u l t  
w ith  th e  m utational c loning  w as o b ta in ed , a lth o u g h  th e  a r t ifa c tu a l 
p ro d u c tio n  of m m y-an tisense RNA m ight be a  p lau s ib le  exp lana tion  
(Hopwood e t al., 1986). The m ethylenom ycin  c lu s te r  is  o rg a n ised ,
th e re fo re , in to  a  le a s t th re e  tr a n s c r ip t io n  u n its ; th e  c e n tra l  mmr g ene  
be in g  tra n s c r ib e d  from th e  o p p o site  s t r a n d  to  th a t  fo r  th e  lo n g e r mRNAs 
of th e  b io sy n th e tic  genes.
M utational cloning, u s in g  a tt-d e le te d  d e r iv a tiv e s  of 0C31 (as 
d e sc r ib e d  b y  C hater an d  B ru to n , 1983), an d  S I n u c lease  m apping 
exp erim en ts  rev ea led , th a t  a t  le a s t  fo u r  t ra n s c r ip t io n  u n its  w ere  p re s e n t  
in  th e  a c tin o rh o d in  c lu s te r  (F ig u re  1.3) (Hopwood e t  al.," 1986). At le a s t  
two of th e  t r a n s c r ip ts  (fo r m u tan t c la sse s  I,VII,IV an d  VI,V) w ould 
a p p e a r  to  be p o ly c is tro n ic , w hile a n o th e r  of le s s  th a n  1 kb  : encode
th e  a c t l l l  reg ion . A fo u r th  t r a n s c r ip t  was p re d ic te d  fo r  th e  a c t l l  
reg io n  encod ing  th e  p u ta tiv e  p o s it iv e - re g u la to ry  gene (S ection  1.6).
The la rg e  p o ly c is tro n ic  m essages in  th e  a c tin o rh o d in  c lu s te r  w ould 
a p p e a r  to  co rre sp o n d  to  th e  s u b c lu s te r in g  of g en es  fo r  "ea rly "  a n d  
" la te" s te p s  in  th e  b io sy n th e tic  pa thw ay . T his fe a tu re  h as  a lso  b een  
r e p o r te d  fo r  th e  ty lo s in  c lu s te r  (Seno an d  B altz, 1988) an d  
te tracen o m y c in  (Motamedi an d  H utch inson , 1987). T hese  o b se rv a tio n s  
p ro m p ted  th e  su g g es tio n  th a t  s u b c lu s te r in g  may fa c ilita te  th e  o rd e re d  
ex p re ss io n  of genes fo r  seq u e n tia l s ta g e s  in  th e  p ro d u c tio n  of th e  
an tib io tic  (Motamedi and  H utchinson, 1987).
The tra n sc r ip tio n a l o rg an isa tio n  of th e  s tre p to m y c in  c lu s te r  
a ro u n d  th e  aphD  re s is ta n c e  gene h as  been  d ed u ced  b y  N o rth e rn  
a n a ly s is  (D istler e t al., 1987; 1988). The c u r r e n t  w ork ing  model (F ig u re
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1.4) in c lu d es  th re e  p ro m o te rs  fo r  th e  s trR , aph P  an d  s tr B l  g en es . At 
le a s t  sev en  d if fe re n t RNA sp ec ie s  have  been  d e te c te d  in  th is  reg io n . An 
a n ti- te rm in a tio n  m echanism  h as  been  p ro p o sed  to  a cc o u n t fo r  th e  
d iffe ren c es  in  th e  3* te rm in i of t r a n s c r ip ts  o rig in a tin g  from  th e  same 
p ro m o ter (Section 1.6) (D istler e t  a l ,  1988).
1.6 P a th w ay -sp ec ific  R eg u la to ry  Genes
In  ad d itio n  to  th e  g lobal re g u la tio n  of S tre p to m y c e s  developm ent 
(S ections 1.3 an d  1.8), th e  b io sy n th e s is  of a  n u m ber of a n tib io tic s  h a s  
b een  show n to  be co n tro lled  b y  p a th w ay -sp e c if ic  re g u la to ry  e lem ents, 
m ost of w hich rem ain  to  be  c h a ra c te r is e d  s a tis fa c to r ily .
G enetic a n a ly s is  of th e  ac tin o rh o d in  p a th w ay  p ro v id e d  th e  f i r s t  
example of a  p o s itiv e -a c tin g  re g u la to ry  elem ent. The a c t l l  m u tan ts  w e re  
u n ab le  to  p ro d u ce  ac tin o rh o d in  in  c o sy n th e s is  te s t s  w ith  a n y  o th e r  
c la sse s  of m u tan t a n d  w ere  p resu m ed , th e re fo re , to  be e i th e r  p o la r  
m u tan ts  w ith in  a  la rg e  o p e ro n  o r d e fic ien t fo r  a  p o s itiv e  re g u la to r  
(R udd an d  Hopwood, 1979). The o v e r-p ro d u c tio n  of a c tin o rh o d in  b y  th e  
w ild -ty p e  s tra in  w hen DNA com plem enting th e  a c t l l  m u tan ts  w as 
in tro d u c e d  on a  plasm id, gave  c re d en c e  to  th e  la t te r  h y p o th e s is  
(Hopwood, M alpartida  an d  C h ater, c ited  in  Hopwood e t a l., 1986).
Sim ilarly, in c re a se d  p ro d u c tio n  of u n d ecy lp ro d ig io s in  (red ) w as ach iev ed  
b y  in tro d u c in g  random  frag m e n ts  of th e  r e d  c lu s te r  in to  S. coelicolor  on  
a  h ig h -c o p y -n u m b e r p lasm id (G uthrie , 1989). In te re s t in g ly , th e  same 
recom binan t plasm id, co n ta in in g  th e  p u ta tiv e  p o s it iv e - re g u la to ry  (redD ) 
g ene, w as also ab le  to  r e s to re  u n d e cy lp ro d ig io s in  p ro d u c tio n  in  a  bldA  
m u tan t, p ro v id in g  f u r th e r  s u p p o r t  fo r  th e  p ro p o sa l th a t  th e  s t r u c tu r a l  
g en es  fo r  th e  an tib io tic s  p ro d u c e d  by  S. coelicolor  do n o t co n ta in  a n y  
TTA codon (Section 1.3).
DNA segm ents  have  been  iso la ted  from S. h y g ro sc o p ic u s  an d  S. 
vio laceoruberj w hich com plem ent a c t l l  m u tan ts  of S. coelicolor an d  a re  
c losely  linked  to  th e  gene  c lu s te r  fo r  milbem ycin an d  g ra n a tic in . T hese  
DNA segm ents a re  th o u g h t to  encode p o s it iv e - re g u la to ry  e lem en ts 
(M alpartida e t al.t 1987). Recom binants of S. liv id a n s  co n ta in in g  th e  
m ilbemycin elem ent, m ilb ll , o v e r-p ro d u c e d  a c tin o rh o d in  (H um phreys e t
Chapter 1 G eneral In tro d u c tio n  13
a l t 1987). T hese  o b se rv a tio n , s u g g e s t  th a t  th e  a c tll , m ilb ll  an d  
g ra n a tic in  p o s it iv e - re g u la to ry  elem ents be long  to  fam ily o f re g u la to rs  
w hich have  sim ilar fu n c tio n s  an d  re c o g n ise  sim ilar ta rg e ts .  The 
b ia lophos c lu s te r  of S. h yg ro sc o p icu s  h a s  a lso  be show n to  con tain  a  
p o s itiv e  re g u la to r , brpA , w hich a c tiv a te s  t ra n s c r ip t io n  of th e  
b io sy n th e tic  g en es  (Anzai e t  a l t  1987).
A p o ssib le  n e g a tiv e  e ffe c to r w as id e n tif ie d  in  th e  m ethylenom ycin 
c lu s te r  (C hater an d  B ru to n , 1985), a s  m uta tiona l c lon ing  experim en ts  
(S ection  1.5), id e n tif ie d  a  reg io n  a t  th e  " leftm ost"  en d  of th e  c lu s te r  
w hich cau sed  o v e r-p ro d u c tio n  of m ethylenom ycin  w hen d is ru p te d  b y  
th e  in te g ra tio n  of 0C31. The sim plest ex p lan a tio n  w as th a t  a  n e g a tiv e ly -  
ac tin g  re g u la to r  w as encoded  b y  th e  d is ru p te d  locus. The reg io n  
im m ediately to  th e  r ig h t  of th is  segm ent a lso  h a s  a  re g u la to ry  ro le  since  
a  s l ig h t in c re a se  in  p ro d u c tio n  re s u lte d  from  g ene  d is ru p tio n  in  th is  
reg io n  (C hater a n d  B ru to n , c ited  in  Hopwood e t  ah, 1986).
E vidence h as  b een  o b ta in ed  fo r  b o th  p o s itiv e  a n d  n eg a tiv e  
re g u la tio n  of s tre p to m y c in  b io sy n th e s is  in  S. g r is e u s  (D istler e t aL, 
1988). The p re d ic te d  p ro d u c t of th e  s trR  r e g u la to ry  gene, w hich is  
re q u ire d  fo r th e  maximum ex p ress io n  of th e  aphD  re s is ta n c e  gene an d  
th e  s trB  a m id in o tra n s fe ra se  gene, h as s ig n if ic a n t hom ology to  th e  lam bda 
Q p ro te in  in vo lved  in  th e  an tite rm in a tio n  of t ra n s c r ip t io n . I t  h as  b een  
p ro p o sed  th a t  th e  s tr R  gene  p ro d u c t fa c ilita te s  t r a n s c r ip t io n  th ro u g h  a  
num ber of te rm in a tio n  s ite s , w hich h av e  b een  id e n tif ie d  b y  N o rth e rn  
an a ly s is  (Section 1.5) (D istler e t al., 1988) A DNA seg m en t h as  a lso  b een  
id e n tif ie d  in  th e  s trep to m y c in  c lu s te r  b e tw een  th e  aphD  re s is ta n c e  gene  
an d  th e  s trB  a m in o tra n sfe ra se  gene, w hich  c o n tro ls  n e g a tiv e ly  
ex p re ss io n  of th e  aphD  g ene  (Tohyama e t  al., 1986).
In  sum m ary, th e  a n a ly s is  of a  n u m ber of d if f e re n t  gene  c lu s te r s  
has show n th a t  re s is ta n c e  and  re g u la to ry  e lem en ts a re  closely  lin k ed  to  
th e  s t r u c tu r a l  g enes fo r  th e  b io sy n th e s is  of an tib io tic s . I t  h as a lso  
been  o b se rv e d  th a t  g en es  invo lved  a t  sim ilar s ta g e s  in  th e  b io sy n th e s is  
of some an tib io tic s  may be su b c lu s te re d  w ith in  th e  same tra n s c r ip t io n  
u n it. C lu ste rin g  p ro b a b ly  re f le c ts  th e  n eed  to  co o rd in a te  th e
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ex p re ss io n  of s e v e ra l re la te d  fu n c tio n s . At p re s e n t ,  l ittle  is  know n ab o u t 
th e  p ro m o te rs  an d  RNA polym erase  holoenzym es w hich a re  re sp o n s ib le  
fo r  th e  tra n s c r ip t io n  of an tib io tic  c lu s te r s .  A lthough re g u la to ry  e lem ents 
have  b een  id en tified , th e  re g u la to ry  c irc u its  of w hich th e y  a re  a  p a r t  
have  n o t y e t b een  e lucidated .
1.7 C atabo lite  R egulation  o f S eco n d ary  M etabolism
The b io sy n th e s is  of te tra c y c lin e s  (inc lud ing  ch lo ro - a n d  
oxy te tra c y c lin e )  and  o th e r  a n tib io tic s , in c lu d in g  am inoglycosides, 
m acro lides, po ly en es , a n th ra c y  c lin es, ansam ycins a n d  p o ly e th e rs  is 
p a r t ic u la r ly  sen s itiv e  to  p h o sp h a te  re g u la tio n  (M artin e t  al., 1988; M artin  
a n d  Demain, 1980). T e tracy c lin e  can  o n ly  be p ro d u c e d  a b u n d a n tly  in  
medium co n ta in in g  levels o f p h o sp h a te  low er th a n  th a t  re q u ire d  fo r  
maximal g ro w th  of th e  c u ltu re . P h o sp h a te  s ta rv a tio n  is  u se d  to  lim it th e  
g row th  of te tra c y c lin e  p ro d u c e rs , in c lu d in g  th e  P fize r s t r a in s  M4018 an d  
M15883, an d  in d u ce  th e  p ro d u c tio n  of an tib io tic . The am ount of 
p h o sp h a te  re q u ire d  fo r  optimum p ro d u c tio n  of te tra c y c lin e  is  d e p e n d e n t 
on th e  in d iv id u a l p ro d u c tio n  s t r a in  (Behai, 1986; 1987). The a c tiv ity  of 
a n h y d ro te tra c y c lin e  (ATC) oxygenase  (encoded  b y  otcC  in  S. rim osus) is  
re d u c e d  in  c u ltu re s  of S. a u reo fa c ien s  a n d  S . rim osus, w hen grow n on 
medium co n ta in in g  levels  of p h o sp h a te  su p rao p tim al fo r  te tra c y c lin e  
p ro d u c tio n  (Behai, 1979; B u tle r p e rs . comm.). A lthough i t  w as s ta te d  in  a  
re c e n t  rev iew  (L iras e t al., 1990), no d ire c t  ev id en ce  h as  b een  p u b lish e d  
w hich s u p p o r ts  th e  view th a t  th e  re p re s s io n  of ATC o x ygenase  a c tiv ity  
b y  p h o sp h a te  is  due to  a  re d u c tio n  in  sy n th e s is  of th e  enzym e. From
Yy?th e  p u b lish e d  da ta , i t  could A r g u e d  th a t  p h o sp h a te  re g u la te s  th e  
c a ta ly tic  e ffic iency  of ATC oxygenase.
The sy n th e s is  of se v e ra l enzym es a sso c ia ted  w ith  se c o n d a ry  
m etabolism  (ESM) is  re g u la te d  b y  p h o sp h a te , fo r  example; p -  
am inobenzoate (PABA) sy n th ase  from th e  can d i sid in  p ro d u c e r  S. g r is e u s  
an d  d T D P -g lu co se -4 ,6 -d eh y d ra ta se , dTD P-m ycarose s y n th e ta s e  an d  
m acrocin  O -m eth y ltran sfe ra se  from  th e  ty lo s in  p ro d u c e r  S tre p to m y c e s  
T59-235 (c ited  in  review  by  L iras e t  al., 1990). In  ad d itio n , th e  c a ta ly tic  
a c tiv ity  of some o th e r ESM can  be in h ib ite d  by  g row th  on medium 
c o n ta in in g  h igh  levels of p h o sp h a te , fo r  example; d eace to x y cep h a lo sp o rin
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C s y n th e ta s e  in  S tre p to m y c e s  c la vu lig eru s , Nocardia lac tam durans  an d  
Acrem onium  ch ryso g en u m . T his in d ic a te s  th a t  th e re  a re  two levels  a t  
w hich p h o sp h a te  c o n tro l can  be e x e r ted  (L iras  e t  aL , 1990).
The b io sy n th e s is  of candvcid in  b y  S. g r is e u s  h a s  b een  s tu d ie d  
in te n s iv e ly  a s  a  model of p h o sp h a te  co n tro l (L iras e t  al., 1977; M artin  
an d  Demain 1977). PABA sy n th a se  a c tiv ity  can  on ly  be d e tec te d  in  S. 
g r is e u s  d u rin g  th e  an tib io tic  p ro d u c tio n  p h a se  an d  is  a b se n t in  a  s e r ie s  
of n o n -p ro d u c in g  m u tan ts  (Gil e t  a l ,  1985). F u r th e rm o re , th is  p a r t ic u la r  
enzym e a c tiv ity  is  n o t fo u n d  d u rin g  g ro w th  on medium co n ta in in g  h ig h  
levels  of p h o sp h a te . The s t r u c tu r a l  gene  (p a b S ) an d  p ro m o ter fo r  PABA 
sy n th a se  have  b een  cloned  an d  c h a ra c te r is e d  (Gil a n d  Hopwood, 1983; 
Rebello e t  al., 1989). R ecently , th e  p h o sp h a te  c o n tro l of PABA sy n th a s e  
a c tiv ity  h as  b een  show n to  be e x e r ted  a t  th e  lev e l of t ra n s c r ip t io n  
(A stu rious e t al., 1990). The p rom oter fo r  p a b S  h as b een  re d u c e d  to  a  
35bp co re  seq u en ce  w hich is  stiU se n s itiv e  to  p h o sp h a te  co n tro l. A 
hexam er, c e n tre d  10 b p  u p s tream  from  th e  tra n s c r ip t io n  s t a r t  p o in t of 
th e  p a b S  p rom oter, h a s  good homology w ith  th e  -10  reg io n  from  th e  
c o n se n su s  seq u en ce  fo r  th e  m ajor c la ss  of e u b a c te r ia l p ro m o te rs . 
However, no hom ology to  a  canonical -35 re g io n  could  be d e te c te d  in  th e  
p a b S  p ro m o ter. C om puter an a ly s is  of th e  p a b S  p ro m o ter re v e a le d  th e  
p re se n c e  of a  h y p h e n a te d  d ire c t r e p e a t  on  th e  se n se  s t r a n d , w hich  
o v e rlap s  w ith  th e  te n ta tiv e  -10  reg io n . This h y p h e n a te d  re p e a t  h a s  
s ig n if ic a n t seq u en ce  sim ila rity  to  th e  c o n se n su s  fo r  p h o  boxes in  E. coli 
(L iras e t al., 1990). The pho  boxes a re  th e  DNA b in d in g  s ite s  of th e  
PhoB p ro te in , w hich a c tiv a te s  tra n s c r ip t io n  of th e  p h o sp h a te  re g u lo n  
d u rin g  p h o sp h a te  lim itation  (Makino e t  al., 1986, 1988). The p rim ary  p h o  
boxes, in  aU th e  E. coli p rom oters  re g u la te d  b y  p h o sp h a te , a re  lo ca ted  
10 bp  u p s tream  of th e  -10 reg io n s  on th e  same s tra n d . I t  h as  b een  
p ro p o sed  th a t  PhoB p ro te in , bound  to  th e se  p h o  boxes, s u b s t i tu te s  fo r  a  
ty p ica l -35 reg io n  in  th e  p h o sp h a te -c o n tro lle d  p ro m o ters  of E. coli 
(Makino e t  al., 1986, 1988).
The PhoB p ro te in  belongs to  a  fam ily of b a c te r ia l r e g u la to ry  
p ro te in s  th a t  a re  an  in te g ra l p a r t  of th e  s e n so ry  an d  re g u la to ry  
m echanism s re sp o n sib le  fo r  ce llu la r re sp o n se s  to  en v ironm en ta l c h an g e s
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F ig u re  1.5. The p ro p o s e d  sy s te m  th a t  r e g u la te s  th e  u p ta k e  of 
p h o sp h a te  in  E. colL E x tra c e llu la r  p h o s p h a te  (Pi) c ro s s e s  th e  o u te r  
m em brane th ro u g h  th e  PhoE, OmpF a n d  OmpC p o r in s . A lte rn a tiv e ly , 
p h o s p h o e s te rs  in  th e  p e rip la sm  a r e  h y d ro ly s e d  to  Pi b y  a lk a lin e  
p h o s p h a ta s e , PhoA. U n d e r c o n d itio n s  of low p h o s p h a te ,  u p ta k e  in to  
th e  cy to p lasm  is v ia  th e  p h o s p h a te -b in d in g  p r o te in  (P s tS ) th r o u g h  
th e  p h o s p h a te -s p e c if ic  t r a n s p o r t  (PST) sy s te m . T h e  PST sy s te m  in  
c o n ju n c tio n  w ith  PhoU re g u la te s  th e  a c t iv i ty  o f th e  t r a n s c r ip t io n a l  
a c t iv a to r  PhoB, w h ich  re g u la te s  th e  e x p re s s io n  o f a ll th e  o p e ro n s  in  
th e  Pho re g u lo n , in c lu d in g  phoE , phoA , p s tS C A B p h o U  a n d  phoBFL 
The a c tiv e  form  of PhoB is  P -PhoB , p ro d u c e d  b y  th e  a c tio n  o f t h e '  
PhoR k in ase . The PhoU p ro te in  to g e th e r  w ith  PhoR  is p ro p o s e d  to  
d e p h o sp h o ry la te  P -PhoB . From S to ck  e t a l.f 1989.
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(Ronson e t  al., 1987; Yamada e t  ah, 1989). The following sum m ary of 
p h o sp h a te  u p ta k e  i l lu s tra te s  th e  s a lie n t p o in ts  of th e se  re g u la to ry  
m echanism s. Most of th e  m ateria l fo r  th is  b r ie f  d iscu ss io n  w as ta k e n  
from  a n  in  d e p th  rev iew  b y  S tock  e t  al, (1989).
E, coli h a s  a  v e ry  complex m echanism  fo r  re g u la tin g  th e  
e x p re ss io n  of g en es  invo lved  in  th e  u p ta k e  an d  m etabolism  of p h o sp h a te  
(F ig u re  1.5). In  ad d itio n  to  th e  re g u la to ry  p ro te in  PhoB, a n o th e r  c e n tra l  
com ponent of th e  system  is  a  m em brane re c e p to r  PhoR, w h ich  
p h o sp h o ry la te s  PhoB u n d e r  co n d itio n s  of low p h o sp h a te , th u s  allow ing 
PhoB-P to  a c tiv a te  t r a n s c r ip t io n  of th e  p h o sp h a te  operon . F re q u e n tly  
m em brane re c e p to r  p ro te in s  a re  k in a se s  th a t  re sp o n d  to  en v iro n m en ta l 
s ig n a ls  a n d  p h o sp h o ry la te  re sp o n se  re g u la to rs  th a t  c o n tro l tra n s c r ip t io n .
A ctive t r a n s p o r t  of p h o sp h a te  a c ro ss  th e  m em brane is  m ediated  b y  
th e  p h o sp h a te -sp e c if ic  t r a n s p o r t  (PST) sy stem  a n d  s e v e ra l s u g a r  
p h o sp h a te  t r a n s p o r t  sy stem s, in c lu d in g  g ly c e ro l-3 -p h o sp h a te  (encoded  
b y  th e  u g p  operon ) an d  hexose p h o sp h a te s  (encoded  b y  th e  u h p  
o p ero n ). An an io n -sp ec ific  p o rin , PhoE, fa c ilita te s  th e  p a ssa g e  of 
p h o sp h a te  a c ro ss  th e  o u te r  m em brane in to  th e  perip lasm ic  sp ace . W ithin 
th e  perip lasm ic  space , th e  PhoA a lkaline  p h o sp h a ta se  (w hich h y d ro ly s e s  
p o ly p h o sp h a tes) an d  b in d in g  p ro te in s  su ch  a s  P stS  an d  UgpB, a s s i s t  
th e  d e liv e ry  of p h o sp h a te  to  th e  t r a n s p o r t  sy stem s w ith in  th e  
cy toplasm ic m em brane.
E x trace llu la r p h o sp h a te  lev e ls  re g u la te  th e  ex p re ss io n  of m any of 
th e  g en es  invo lved  in  p h o sp h a te  u p ta k e . High lev e ls  of p h o sp h a te  s h u t  
down ex p re ss io n  of th e  phoA  an d  p h o E  g en es , as  well as  th e  p s t  a n d  
ugp  o p e ro n s , while su g a r  p h o sp h a te s  su ch  a s  g lu c o se -6 -p h o sp h a te  a n d  
hexose p h o sp h a te s  ind u ce  g en es  th a t  encode  th e i r  own re s p e c tiv e  
t r a n s p o r t  system s. In te re s tin g ly , a  nu m b er of d if fe re n t p ro te in  k in a se s  
and  re sp o n se  re g u la to rs  a re  invo lved  in  co n tro llin g  th e  ex p re ss io n  of 
th e se  g en es . The PhoR p ro te in  k in ase  an d  th e  PhoB re g u la to r  m odulate  
th e  ex p re ss io n  of phoA, phoE, th e  p s t  o p e ro n  an d  th e  phoBR  o p e ro n  
itse lf. T his g ro u p  of genes have been  d e s ig n a te d  th e  Pho re g u lo n , s in ce , 
all of th e i r  p rom oters  re q u ire  p h o sp h o ry la te d  PhoB fo r maximum
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tr a n s c r ip t io n . At p re s e n t ,  i t  is  n o t know n p re c ise ly  how lo w -p h o sp h a te  
c o n c e n tra tio n s  a c tiv a te  PhoR. PhoR a c tiv i ty  does n o t a p p e a r  to  be 
re g u la te d  d ire c tly  b y  e i th e r  p h o sp h a te  in  th e  perip lasm ic  sp ace  o r  
in d ire c tly  b y  an  in te ra c tio n  w ith  P stS . An in ta c t  PTS system  is  
e sse n tia l, how ever, fo r  sen s in g  h ig h  lev e ls  of p h o sp h a te  an d  re d u c in g  
th e  ex p re ss io n  of th e  Pho reg u lo n .
A com ponent of th e  p s t  o p e ro n  PhoU, w hich is  n o t in v o lv ed  
d ire c tly  in  p h o sp h a te  u p ta k e , is  re q u ire d  to  s h u t  down e x p re ss io n  of 
th e  Pho reg u lo n . PhoU a p p e a rs  to  prom ote th e  d ep h o sp h o ry la tio n  of 
PhoB-P ( th e  ac tiv e  form ) in  re sp o n se  to  a  s ig n a l th a t  re f le c ts  th e  
a c tiv ity  of th e  PST. PhoM, a n o th e r  ty p ic a l m em brane re c e p to r -p ro te in  
k in ase , can  a lso  p h o sp h o ry la te  PhoB. The PhoM k in ase  a p p e a rs  to  be 
p a r t  of a  d is t in c t  re g u la to ry  system  th a t  h as  some c ro s s -s p e c if ic i ty  fo r  
PhoB.
In  conclusion , th e  PhoR/PST system  e x e r ts  bo th  p o s itiv e  a n d  
n eg a tiv e  c o n tro l on PhoB. U nder co n d itio n s  of low p h o sp h a te , PhoR a n d  
PhoM p ro b a b ly  b o th  fu n c tio n  to  a c tiv a te  Pho ex p re ss io n  by  c a ta ly s in g  
th e  t r a n s f e r  of p h o sp h o ry l g ro u p s  to  PhoB (th e  p s t  o p ero n  does n o t 
a p p e a r  to  be invo lved  in  th is  p ro c e ss ) . U n d er co n d itio n s  of h ig h  
p h o sp h a te , PhoR along w ith  th e  PST system  a c t to  s h u t  down th e  
ex p re ss io n  of th e  Pho reg u lo n ; in  p a r t ic u la r  PhoU, w hich  is a  
com ponent of th e  PST system , p ro b a b ly  a c tiv a te s  a  P h o R -d ep en d en t 
p h o sp h a ta se  th a t  d e p h o sp h o ry la te s  PhoB-P.
A nalysis of th e  p ro m o ter seq u e n c es  of th e  aphD  gene, en co d in g  a  
s trep to m y c in  p h o sp h o tra n s fe ra se  in  th e  s trep to m y c in  gene c lu s te r  of S. 
g r is e u s  an d  an  open  re a d in g  fram e, ORFX, w hich is  d iv e rg e n t to  th e  
th io s tre p to n - in d u c ib le  tipA  gene in  S. l iv id a n s , has rev ea led  te n ta t iv e  
p h o -lik e  seq u en ces  in  b o th  of th e se  p h o s p h a te -re g u la te d  p ro m o te rs  
(L iras e t  al., 1990). These seq u en ce  s im ila rities  p rom pted  th e  su g g e s tio n  
th a t  p h o - like  boxes in  S trep to m y c es  (also called  p h o sp h a te -c o n tro l (PC) 
seq u en ces) may a ffe c t th e  b in d in g  k in e tic s  of th e  RNA po lym erase , 
p o ss ib ly  th ro u g h  a  specific  in te ra c tio n  w ith  a  p u ta tiv e  p ro te in  b o u n d  to  
seq u en ces  w ith in  th e  v ic in ity  of p h o sp h a te -c o n tro lle d  p ro m o te rs .
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F u r th e r  to  th is ,  i t  w as p ro p o se d  th a t  th e  in tra c e l lu la r  e f fe c to r  w hich  
m ediates p h o sp h a te  c o n tro l may be a  h ig h ly  p h o sp h o ry la te d  n u c leo tid e  
o r  a  s u g a r -p h o sp h a te  th a t  a c ts  a s  a  s e n so r  of th e  p h o sp h a te  lev e ls  in  
th e  c u ltu re  medium (L iras e t  a l , 1990).
P a irs  of p ro te in  k in a se s  an d  re sp o n se  re g u la to rs  a re  in v o lv ed  in  
nu m erous, dynam ic re sp o n se s  to  c h an g in g  en v iro n m en ta l co n d itio n s , fo r  
example; chem otaxis an d  re p e lla n t stim uli in  e n te ro b a c te r ia  (H ess e t  al,,
1988), re g u la tio n  of o u te r  m em brane p o rin  ex p re ss io n  in  re s p o n se  to  
osm olarity  an d  o th e r  co n d itio n s  in  E, coli (Igo e t  a l ,  1989a; 1989b) a n d  
re g u la tio n  of gene  ex p re ss io n  in  re s p o n se  to  n itro g e n  d e p r iv a tio n  (Nifa 
e t  ah, 1988). S p o ru la tio n  in  B. s u b til is  a lso  invo lves re sp o n se  re g u la to rs  
SpoOA an d  SpoOF, w hich a re  hom ologous to  PhoB (Sm ith, 1989). M utations 
in  spoOA an d  spoOF have  been  id e n tif ie d  w hich p re v e n t  in itia tio n  of th e  
sp o ru la tio n  p ro c e ss  a t  th e  o n se t of s ta t io n a ry  p h ase  w hen th e  g ro w th  of 
th e  ce lls  becom es n u tr ie n t- lim ite d . I t  is  p o ssib le , th e re fo re , t h a t  some 
of th e  b id  m u tan ts  of S, coelicolor (d e sc r ib e d  in  S ection  1.3) cou ld  be 
d e fic ien t in  p ro te in s  re la te d  to  th e  p ro te in  k in a se s  a n d  re s p o n se  
re g u la to rs  d e sc r ib e d  above.
From in  v itro  a s s a y s  a s  well a s  g en e tic  a n a ly s is , i t  w ould a p p e a r  
th a t  m any p ro te in  k in a se s  can  p h o sp h o ry la te  re sp o n se  re g u la to r s  from  
d if fe re n t system s. F or exam ple, PhoB can  be p h o sp h o ry la te d  b y  b o th  
PhoR a n d  PhoM. The gene  encod ing  PhoM is  n o t p a r t  of th e  Pho o p ero n . 
I t  h as  b een  su g g e s te d  b y  S tock  an d  o th e r  w o rk e rs  in  th is  f ie ld  t h a t  
" c ro s s - ta lk "  betw een p a ra lle l p h o s p h o tra n s fe r  p a th w ay s  may p ro v id e  a  
g lobal re g u la to ry  n e tw ork  fo r sen s in g  th e  o v e ra ll p h y sio lo g ica l s ta te  of 
th e  o rgan ism  (S tock e t  ah, 1989). I t  is  conceivab le  th a t  in te g ra te d  
p h o sp h o tra n s fe ra se  sy stem s may be im p o rtan t in  co n tro llin g  th e  sw itch  
to  m orphological d iffe re n tia tio n  a n d  sec o n d a ry  m etabolism  in  
S tre p to m y c e s . Should th is  be th e  case , i t  could  p ro v id e  an  a d d itio n a l 
ex p lan a tio n  fo r th e  grow th-m edium  d ep en d en ce  of some b id  p h e n o ty p e s  
(S ection  1.3) (C hater, 1989).
The "physio log ical" s ta te  of S trep to m y c es  is  p re su m ed  to  be 
th e  k ey  fa c to r  de term in ing  th e  sw itch  to  an tib io tic  p ro d u c tio n  a n d
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m orphological d iffe re n tia tio n . I t  is  p ro p o se d  th a t  some b id  m u ta tions may 
d is ru p t  p h o s p h o tra n s fe r  p a th w ay s , w hich se n se  th e  lev e l of 
n u tr ie n ts .  A ssum ing th a t  th e  p h o s p h o tra n s fe ra s e  sy s te m s  fo r  d if fe re n t 
n u tr ie n ts  a re  in te g ra te d  a n d  h av e  a  cum ulative  e ffe c t on  th e  decision  to  
u n d e rg o  d iffe re n tia tio n , th e  r e s u l t  of a  m uta tion , w h ich  d is ru p ts  a  
s ing le  p h o s p h o tra n s fe ra s e  system , may d ep en d  on th e  g ro w th  medium. 
F or exam ple, a  h y p o th e tic a l m u tan t, w hich d is ru p ts  r e s u l t s  in  th e  
o rgan ism  alw ays "b e liev in g "  th a t^ is  su p p lied  well w ith  p h o sp h a te , may 
u n d e rg o  th e  com plete life  cycle  w hen i t  is  g row n on medium co n ta in in g  
h ig h  lev e ls  of phosphate. The dep le tio n  of re a d ily  u tilis a b le  ca rb o n  
a n d /o r  n itro g e n  so u rc e  may be su ff ic ie n t to  " t r ig g e r"  d iffe re n tia tio n . 
I t  is  p o ssib le , how ever, th a t  th e  same m u tan t m igh t n o t u n d e rg o  
d if fe re n tia tio n  w hen g row n on a  medium co n ta in in g  good c a rb o n  an d  
n itro g e n  so u rc e s  b u t, low lev e ls  of p h o sp h a te , a s  th e  o rg an ism  does n o t 
" sen se"  th e  p h o sp h a te  lim itation , w hich  would " tr ig g e r"  d iffe re n tia tio n  
in  th e  w ild -ty p e  s tra in . The above example is  o n ly  in te n d e d  to  
i l lu s tr a te  th e  p o ssib le  ro le  of p u ta tiv e  sen s in g  m echanism s in  
d e te rm in in g  th e  sw itch  to  d iffe ren tia tio n . I t  shou ld  be n o ted  th a t  th e re  
is  no ev id en ce  to  s u p p o r t  th is  model.
Physio log ical a n a ly s is  of an tib io tic  p ro d u c tio n  h a s  re v e a le d  th a t  
sec o n d a ry  metabolism  can  be re g u la te d  b y  th e  a v a ilab ility  of c a rb o n  
an d  n itro g e n  , as well a s  p h o sp h a te  (M artin a n d  Demain, 1980; Campbell, 
1986). The ex p ress io n  of phenoxazinone sy n th a se  (PHS) of S. a n tib io ticu s  
th a t  fo rm s th e  phenoxazinone n u c leu s  of actinom ycin  is  re g u la te d  b y  
g lucose  (Jones, 1984). T ra n sc rip tio n a l a n a ly s is  re v e a le d  th a t  th e  in c re a se  
in  th e  spec ific  a c tiv ity  of PHS, o b se rv e d  in  m&iuAW w ith  g a lac to se  a s  a  
c a rb o n  so u rce  was due, a t  le a s t  in  p a r t ,  to  in c re a se d  p ro d u c tio n  of PHS 
mRNA. The re p re ss io n  of PHS a c tiv ity  cau sed  b y  g lucose  w as a lso  show n 
to  be e x e r ted  a t  th e  lev e l of t ra n s c r ip t io n  (Jones, 1984). In te re s t in g ly , 
h ig h  lev e ls  of g lucose do n o t r e p re s s  th e  b io sy n th e s is  of PHS in  S. 
liv id a n s , I t  h as also b een  su g g e s te d  th a t  g lucose  r e p re s s e s  p u rom ycin  
b io sy n th e s is  in  S tre p to m y c e s  a lb o n ig er  (S an k a ran  e t  al., 1975) an d
re p re s s e s  tra n s ie n t ly  e ry th ro m y c in  p ro d u c tio n  in  S a cch a ro p o lysp o ra  
e ry th ra e a  (E scalante  e t  a l,, 1982). In  th e  la t te r  exam ple, th e  re p re s s io n  
of s y n th e s is  of ESM r a th e r  th a n  th e  in h ib itio n  of th e  c a ta ly tic  a c tiv itie s
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of some o r  a ll o f th e  ESM w as in fe r re d , a s  g lu co se  a d d e d  a f te r  th e  o n se t 
of an tib io tic  p ro d u c tio n  h ad  no e ffec t. The re p re s s io n  of sy n th e s is  of 
d eace to x y cep h a lo sp o rin  C sy n th a se  h a s  b een  p ro p o se d  to  be  th e  k ey  
fa c to r  re sp o n s ib le  fo r  th e  su p p re s s io n  of cepham ycin  b io sy n th e s is  b y  
g lucose  (C ortes e t  al,, 1986). G lucose is  n o t th e  on ly  c a rb o n  so u rce  
w hich can  have  a  r e p re s s iv e  e ffec t. F or exam ple, g ly ce ro l can  re p re s s  
cep h a lo sp o rin  p ro d u c tio n  b y  S, c la vu lig e ru s  (A haronw itz a n d  Demain, 
1978) an d  c i tra te  can  r e p r e s s  novobiocin  p ro d u c tio n  b y  S. n iv e u s  
(Kominek, 1972). .
R eadily u tilisa b le  n itro g e n  so u rc e s  can  also  r e p r e s s  an tib io tic  
p ro d u c tio n . F or exam ple, th e  b io sy n th e s is  of cep h a lo sp o rin  in  S . 
c la vu lig e ru s  h as  been  show n to  be d e p re s se d  b y  ammonium (B ascaran  e t  
aL, 1989a; 1989b). The p ro d u c tio n  of ch lo ram phen ico l b y  S, ven ezu e la e  
h as b een  s tu d ie d  w ith  re g a rd  to  th e  in flu en ce  of n u tr ie n t  co n d itions 
p rev a ilin g  a t  th e  o n se t of sec o n d a ry  m etabolism . U n d e r co n d itio n s  of 
n itro g e n  lim itation, th e  a c tiv ity  of ESM was show n to  d ep en d  on th e  
c o n ce n tra tio n  of g lucose  (B h a tn ag e r e t  aL, 1988). C o n verse ly , th e  e x ten t 
to  w hich g lucose s u p p re s s e d  th e  p ro d u c tio n  of cepham ycin  d ep en d ed  on 
th e  re s id u a l n itro g e n  so u rce .
All of th e  above exam ples a re  c o n s is te n t w ith  th e  p ro p o sa l th a t  
in te g ra te d  se n so ry  sy stem s m onitor th e  lev e l of c a rb o n , n itro g e n  an d  
p h o sp h a te  in  th e  g ro w th  medium an d  may h av e  a  cum ulative  e ffe c t on 
th e  decision  to  p ro d u c e  a n tib io tic s  an d  u n d e rg o  m orphological 
d iffe ren tia tio n . A lthough th e  m olecular m echanism (s) w hich  m ediate th e  
c a rb o n  an d  n itro g e n  re g u la tio n  of sec o n d a ry  m etabolism  have  n o t b een  
d e sc rib e d , i t  is  p resu m ed  th a t  th e  b in d in g  o f  a n c il la ry  p ro te in s  to  DNA 
a ro u n d  th e  s ite s  of tra n s c r ip t io n  in itia tio n  will be im p o rtan t.
1.8 Role o f "S ignal" M olecules in  C ontro lling  D evelopm ent
As d e sc rib e d  in  th e  p re v io u s  sec tio n , th e  p r in c ip a l fa c to r  
co n tro llin g  th e  o n se t of an tib io tic  b io sy n th e s is  is  p ro b a b ly  th e  
defic ien cy  of one o r more n u tr ie n ts  re q u ire d  fo r  g ro w th . R ecently , th e  
p o ssib le  ro le  of an  "endogenous" s ig n a l m olecule, guan o sin e  3*-
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d ip h o sp h a te  5’- d ip h o sp h a te  (ppG pp), in  m ediating  th e  sw itch  to  an tib io tic  
p ro d u c tio n  h a s  been  in v e s tig a te d . In  E, coli, ppG pp m ed ia tes th e  
s t r in g e n t  re sp o n se , b ro u g h t a b o u t b y  amino acid  s ta rv a tio n  (C ashel, 
1969; 1975). The dep letion  of amino a c id s  in  th e  g ro w th  medium lead s  to  
a  r is e  in  th e  in tra c e llu la r  c o n c e n tra tio n  of ppG pp. In  tu r n ,  th is  r e s u l ts  
in  a  ra p id  d ec rea se  in  th e  r a te s  of accum ulation  of tRNA an d  rRNA, d u e  
to  c h an g e s  in  th e  t ra n s c r ip t io n  r a te  an d  p rom oter sp e c if ic ity  of RNA 
polym erase . A sim ilar ty p e  of re s p o n se  h a s  a lso  b een  d em o n stra ted  in  
s tre p to m y c e te s  (Ochi, 1986). Relaxed m u tan ts  (unab le  to  e lic it th e  
s t r in g e n t  re sp o n se ) of v a r io u s  S tre p to m y c e s  sp p ., fo r  exam ple S . 
coelicolor  an d  S. g r ise u s , a re  a lso  im paired  in  an tib io tic  p ro d u c tio n  a n d  
have  re d u c e d  levels  of sp o ru la tio n  (Ochi, 1990a an d  1990b). R ecen tly , 
s tu d ie s  on S, coelicolor A3(2) h av e  show n th a t  ppG pp cou ld  n o t be  
d e te c te d  in  th e  e a r ly  an d  mid ex p o n en tia l g ro w th  p h a se s , b u t  in c re a se d  
levels  w ere  o b se rv ed  a t  th e  en d  of ex p o n en tia l g row th  (S tra u c h  e t  al., 
1990). The a c t l l l  gene, w hich is  in v o lv ed  in  ac tin o rh o d in  p ro d u c tio n , w as 
t r a n s c r ib e d  im m ediately a f te r  th e  c u ltu re  e n te re d  s ta t io n a ry  p h a se . A fte r 
n u tr ie n t  sh iftdow n, a  sw itch  to  s e c o n d a ry  m etabolism  w as d e m o n stra ted  
b y  th e  a p p ea ra n ce  of th e  a c t l l l  t r a n s c r ip t  one h o u r la te r .  I t  w as 
p ro p o sed  th a t  ppG pp, along w ith  o th e r  fa c to rs , p lay s  a: m ajor ro le  in
de term in in g  th e  o n se t of seco n d a ry  m etabolism  (S tra u c h  e t  al., 1990). I t  
would be in te re s t in g  to  e s ta b lish  how th e  ex p re ss io n  of bldA  r e s p o n d s  
to  c h an g e s  in  th e  guanosine  n u c leo tid e  pools, since  in  c o n tr a s t  to  th e  
g e n e ra l d ec rea se  in  th e  levels  of o th e r  tRNA tr a n s c r ip ts ,  a n  in c re a se  in  
th e  ab u n d an c e  of bldA  t r a n s c r ip ts  would be ex p ec ted  p r io r  to  
sec o n d a ry  metabolism  (C hater, 1989). In  E. coli, th e re  is  some e v id en ce  
fo r  th e  p o sitiv e  reg u la tio n  of some g en es  d u r in g  th e  s t r in g e n t  re s p o n se  
(Cashel an d  R udd, 1987).
A no ther in te re s t in g  example of a  "sig n al"  molecule w hich  c o n tro ls  
sec o n d a ry  m etabolism an d  m orphological d iffe ren tia tio n  in  some 
S tre p to m y c e s  spp . is A -fac to r (2 -(6 ’-m e th y lh e p ta n o y l)-3 R -h y d ro x y m e th y l-  
4 -b u tan o lid e ). In  S. g r ise u s , A -fac to r in d u c es  sp o ru la tio n , s tre p to m y c in  
b io sy n th e s is  an d  re s is ta n c e , even  a t  ex trem ely  low c o n c e n tra tio n s  (10-9 
M) (H ara an d  B eppu, 1982a and  1982b). This fa c to r  may h av e  a  k ey  ro le  
in  sy n ch ro n is in g  an tib io tic  p ro d u c tio n  an d  re s is ta n c e  b y  p re v e n tin g
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h y p h a l filam en ts , w hose g row th  is  n o t y e t  lim ited b y  n u tr ie n t  d ep le tio n , 
be ing  k illed  b y  s trep to m y c in  p ro d u c e d  from  o th e r  re g io n s  of th e  co lony 
w hich h av e  re a c h e d  th e  en d  of v e g e ta tiv e  g row th . A p ro te in  h a s  b een  
iso la ted  th a t  b in d s  A -fac to r in  S. g r is e u s  (M ikaye e t  ah, 1989). M utan ts  
of S. g r is e u s  th a t  a re  d e fic ien t in  A -fa c to r-b in d in g  p ro te in  do n o t 
re q u ire  A -fa c to r  fo r  s trep to m y c in  b io sy n th e s is  o r  sp o ru la tio n . In d e e d , 
th e  m u tan ts  u n d e rg o  m orphological a n d  physio log ical developm ent a t  an  
e a r lie r  s ta g e  of g ro w th  th a n  th e  w ild ty p e . I t  was p ro p o sed  th a t  A- 
fa c to r-b in d in g  p ro te in  is  a  r e p r e s s o r - ty p e  re g u la to r  w hich b in d s  to  
re g u la to ry  re g io n s  w ith in  some o r  a ll o f th e  gen es  fo r  s tre p to m y c in  
b io sy n th e s is , b lock ing  tra n s c r ip tio n . A -fac to r is  assum ed  to  in te r a c t  
w ith  th e  r e p r e s s o r  p ro te in , r e n d e r in g  i t  u n ab le  to  b in d  DNA a n d  th u s ,  
in d u c in g  tra n s c r ip t io n  (Miyake e t ah, 1990).
A -fac to r an a lo g u es , w ith  a  b u tan o lid e  r in g  as  th e  n u c leu s  of th e i r  
s t ru c tu re ,  h av e  also  b een  re p o r te d , fo r  example I - fa c to r  c o n tro llin g  
a n th ra c y c lin e  b io sy n th e s is  in  S. v iridochrom ogG nes  (Grafe e t  ah, 1982), a  
fa c to r  co n tro llin g  c y to d iffe re n tia tio n  a n d  a n th ra c y c lin e  p ro d u c tio n  in  S . 
b ik in ie n s is  an d  S . c y a n e o fu sca tu s  (G rafe e t  ah, 1983) an d  " in d u c in g  
fa c to rs "  co n tro llin g  v irg in iam ycin  p ro d u c tio n  in  S. ■ v irg in ia e  (N ihara  e t  
ah, 1988). R ecen tly , a  p ro te in  h as  b een  d e tec te d  w hich b in d s  th e  
"in d u c in g  fa c to r"  of S . v irg in iae  (c ited  in  Miyake e t ah, 1990).
A -fac to r p ro d u c tio n  was show n to  be d is tr ib u te d  w idely  am ong th e  
s tre p tp m y c e te s  (Hara a n d  B eppu, 1982). The ro le  of A -fa c to r is  n o t 
obv ious fo r  m ost of th e se  sp ec ie s , o th e r  th a n  th e  s tre p to m y c in -  
p ro d u c in g  S. g r is e u s  an d  S. b ik in ie n s is . A -fa c to r-d e fic ie n t m u ta n ts  of S. 
coelicolor  A3 (2) an d  S. liv id a n s  show ed no d e tec tab le  p h e n o ty p e  
(H orinouchi e t ah, 1986 and  1987). In te re s t in g ly , no b in d in g  p ro te in  
spec ific  fo r  A -fac to r could be d e te c te d  in  e ith e r  of th e s e  sp ec ie s  
(Miyake e t  ah, 1990). I t  is  un like ly , th e re fo re , th a t  A -fac to r h a s  a  ro le  
in  co n tro llin g  th e  develom ent of th e se  S tre p to m y c e s  spp .
1.9 RNA Polym erase H e tero g en e ity  in  S tre p to m y c e s
The con tro lled  ex p ress io n  of a lte rn a t iv e  sigm a fa c to rs  (a), w hich  
d ire c t th e  t r a n s c r ip t io n  of d iffe re n t s e ts  of g en es , is p re su m ed  to  h av e
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an  in te g ra l  ro le  in  co o rd in a tin g  b o th  th e  m orphological a n d  
physio log ical developm en t of S trep to m yces . A lte rn a tiv e  sigm a fa c to rs  an d  
th u s , a lte rn a t iv e  RNA po lym erase  holoenzym es (Ea) h av e  a  k ey  ro le  in  
th e  c o n tro l of sp o ru la tio n  in  B. s u b til is  (Losick a n d  P ero , 1981; P ero  e t  
al., 1982), T4 p h a g e  developm ent in  E. coli (K assavetis  an d  G eiduschek , 
1984), n itro g e n  u tilis a tio n  in  e n te r ic  b a c te r ia  (H irshm an e t  al., 1985; H unt 
and  M agasanik, 1985), th e  p ro d u c tio n  of h e a t shock  p ro te in s  in  E. coli 
(G rossm an e t  al., 1984; Grossm an e t  al., 1986) an d  th e  ex p re ss io n  of 
flag e lla r an d  chem otaxis genes in  E. coli, Salm onella typ h im u riu m  an d  B. 
su b tilis  (Helmann a n d  C ham berlain, 1987; C ham berlain , p e rs . comm.). 
R ecently , th e  developm ent of sp o re s  from  a e r ia l h y p h ae  in  S. coelicolor  
h as b een  show n to  be u n d e r  th e  c o n tro l of a n  a l te rn a tiv e  sigm a fa c to r , 
awhiG (C h a ter e t  al., 1989). In te re s t in g ly  th e  amino acid  seq u en ce  of 
awhiG c lo se ly  re sem b les  a28 of B. su b tilis , th e  sigm a fa c to r  invo lved  in  
d ire c tin g  e x p re ss io n  of th e  chem otaxis an d  m otility  re g u lo n s . T his 
s u g g e s te d  to  C h a te r a n d  colleagues th a t  EcrwhiG may make c o n ta c t w ith  
p ro m o ters  w hose -35 an d  -10 reg io n s  conform  to  th e  c o n se n su s  seq u en ce  
d e riv e d  from  p ro m o te rs  reco g n ised  b y  Ea28 from  B. su b tilis .  In  s u p p o r t  
of th is  h y p o th e s is , th e  cloning of a  DNA frag m e n t co n ta in in g  a  (in­
d e p e n d e n t p ro m o te r from  B. su b tilis , on  a  h ig h -c o p y -n u m b e r plasm id, 
cau sed  re d u c e d  sp o ru la tio n  in S. coelicolor  (C h a ter e t  al., 1989).
RNA po lym erase  h e te ro g en e ity  w as f i r s t  d em o n stra ted  in  S. 
coelicolor u s in g  th e  v e g  an d  e tc  p ro m o te rs  from  B. su b til is  a s  s u b s t r a te s  
in  in  v itr o  t r a n s c r ip t io n  " ru n -o ff"  exp erim en ts  (W estpheling e t  al., 1985). 
The v e g  p ro m o ter b e longs to  th e  m ajor e u b a c te r ia l c lass , w hich is  
re co g n ised  b y  Eo43 in  B. su b tilis , w hile th e  e tc  p ro m o ter is  t r a n s c r ib e d  
b y  a  m inor form  of RNA polym erase holoenzym e, Ea37, F rac tio n a tio n  of 
c ru d e  RNA polym erase  p re p a ra tio n s  from  S. coelicolor  p e rm itte d  th e  
iso la tion  of two d is tin c t form s of RNA polym erase , Ea35 an d  Eo49, th a t  
re co g n ised  v e g  an d  e tc  re sp ec tiv e ly . The c tc - tra n s c r ib in g  holoenzym e, 
b u t n o t th e  v e g  form , was also  show n to  t r a n s c r ib e  th e  endoH  g ene  
(encoding  a  s e c re te d  endonuclease) from  S. p lica tu s. The endoH  
p rom oter resem bles th e  co n sen su s  fo r  B. s u b til is  p ro m o ters  re c o g n ise d  
by  Eo37.
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The dagA  g en e  (encoding  an  e x tra c e llu la r  a g a ra s e  gene) is  
t r a n s c r ib e d  b y  fo u r  p ro m o ters , w hose seq u e n c es  a re  m ark ed ly  
h e te ro lo g o u s (B u ttn e r  e t  al., 1987). U sing  th e  dagA  g ene  a s  a  tem p la te  
in  in  v itro  t r a n s c r ip t io n  a s sa y s , th re e  d if fe re n t  t r a n s c r ib in g  a c tiv itie s  
w ere  re so lv ed . Each RNA polym erase  holoenzym e could  t r a n s c r ib e  o n ly  
one of th e  fo u r  p ro m o te rs  (B u ttn e r e t  a l ,  1988). The Eo49, w hich w as 
id e n tif ie d  p re v io u s ly  a n d  re c o g n ise s  e tc , t r a n s c r ib e s  from  th e  dagAp3  
p rom oter, w h ereas  a  novel sp ec ie s , Ea28, re c o g n ise s  th e  dagAp2  
p rom oter. C ircu m stan tia l ev id en ce  su g g e s te d  th a t  th e  th i r d  holoenzym e, 
w hich re c o g n ise s  th e  dagApA p ro m o ter, is  Ea35 ( v e g - t r a n s c r ib in g  
holoenzym e) w hich  w as id e n tif ie d  p re v io u s ly . C o n sis ten t w ith  th is
p ro p o sa l, th e  p ro m o ter seq u en ce  of dagAp4  re sem b les  c lo se ly  th e
c o n se n su s  fo r  th e  m ajor c lass  of e u b a c te r ia l p ro m o ters . The d a g A p l 
p rom oter could  n o t be  t ra n s c r ib e d  by  a n y  of th e  p u r if ie d  holoenzym es 
an d  so, th e  a u th o rs  s u g g e s te d  th a t  a n o th e r  form  of RNA p o lym erase  
m ust reco g n ise  th is  p ro m o ter (B u ttn e r e t  al., 1988). I t  is  a lso  p o ssib le  
th a t  a n c illa ry  p ro te in s  a re  re q u ire d  to  a c tiv a te  tr a n s c r ip t io n  from  
dagA  p i .  The lab ile  n a tu re  of th e  d a g A p l- tra n s c r ib in g  a c tiv ity  d u r in g  
p u rif ic a tio n  is  c o n s is te n t w ith  th is  p ro p o sa l. The g a lac to se  o p e ro n  of S. 
coelicolor is  t ra n s c r ib e d  from  two p ro m o ters  (W estpheling an d  B raw n er,
1989). T ra n sc rip tio n  from  g a lp l  is  r e p re s s e d  b y  g ro w th  on g lucose  a n d  
is  in d u ced  to  h ig h  levels  b y  g ro w th  on ga lac to se. C o n stitu tiv e  
t r a n s c r ip t io n  from  galp2  o c cu rs  a t  low levels. The g a lp l a n d  galp2
pro m o ters  a re  th o u g h t to  be t r a n s c r ib e d  b y  Ea28 a n d  Ea35
re sp ec tiv e ly .
U sing an  o ligonucleo tide p ro b e , d e s ig n ed  from  a  seq u e n c e  of 
10 amino ac id s th a t  a re  co n se rv ed  com pletely  betw een  a43 of B. s u b ti l is  
an d  a70 of E. coli (the. "h o u sek eep in g "  sigm a fa c to rs  encoded  b y  rpoD ), 
fo u r  g en es  from  S. coelicolor  have  b een  cloned  an d  seq u e n c ed  (T anaka 
e t  al., 1988). Each gene encodes a  p re d ic te d  p ro d u c t w ith  h ig h  seq u en ce  
sim ila rity  in  th e  re g io n s  co n se rv ed  b e tw een  a70 of E. coli a n d  o43 of B. 
su b tilis  (rpoD  boxes). These g en es  h av e  been  d e s ig n a te d  h rd A , h rd B , 
hrdC  an d  hrdD  (homologous to  LpoB). In d e p e n d e n tly , th e  rpoD  g ene  of 
M yxococcus x a n th u s  w as u sed  a lso  to  clone hrdB , hrdC  a n d  hrdD  
(B u ttn e r e t al., 1990). The d eg ree  of s im ila rity  loeiweflA -tW pnedictad
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p ro d u c ts  of th e  h r d  g en es  an d  th o se  of th e  rpoD  g en es  of E. coli an d  
B. s u b ti l is , f a r  exceeds th a t  o b se rv e d  betw een  d if fe re n t a  fa c to rs  fo r  
m inor c la sse s  of p ro m o te rs  (T anaka e t  a l., 1988).
Gene d is ru p tio n  ex p erim en ts  h av e  show n th a t  hrd A , h rd C  an d  
hrdD  m u tan ts  a re  v iab le  an d  a re  u n a ffe c te d  a p p a re n tly  in  
d iffe ren tia tio n , g ro ss  m orphology an d  a n tib io tic  p ro d u c tio n  (B u ttn e r e t  
a l ,  1990; T akahash i e t  al., c ited  in  B u ttn e r  e t  al., 1990). The in a b ility  to  
iso la te  hrd B  m u tan ts  u s in g  an  in te g ra tio n  sy stem  b ased  on th e  
ac tin o p h ag e  0C31, s u g g e s te d  th a t  th e  a  fa c to r  encoded  b y  th is  gene may 
be e sse n tia l fo r  th e  t ra n s c r ip t io n  of th e  g e n e ra l "h o u sek eep in g "  g en es . 
F u rth e rm o re , i t  was a lso  no ted  th a t  th e  p u ta tiv e  <r fa c to rs  encoded  b y  
hrdA , h rdC  an d  hrdD  a p p ea re d  to  be u n ab le  to  complement, th e  
tra n s c r ib in g  a c tiv ity  encoded  b y  hrd B  (B u ttn e r  e t  aL, 1990).
I t  has  b een  p ro p o sed  th a t  c lo se ly -re la te d  fam ilies of a  fa c to rs  
may re co g n ise  d is tin c t s u b s e ts  of p ro m o te rs  w ith  on ly  m inor d iffe re n c e s  
in  th e  seq u en ce  o r  sp ac in g  of th e ir  "-35" an d  "-10" boxes (W estpheling 
an d  B raw ner, 1989). A lthough RNA po lym erase  h e te ro g e n e ity  h a s  b e en  
d em o n stra ted  in  S trep to m y c es , d isap p o in tin g ly  little  is  know n a b o u t th e  
d is c re te  gene s e ts  w hich a re  reco g n ised  b y  th e  a l te rn a tiv e  sigm a
fa c to rs .
1.10 P o lyke tide  b io sy n th e s is
The d iv e rse  ra n g e  of sec o n d a ry  m etabo lites p ro d u c e d  b y  th e  
S trep to m y c es  can  be c lass ified  on th e  b a s is  of th e i r  b io sy n th e tic  o r ig in s  
(T u rn e r an d  A ldridge, 1983). The following p ro d u c ts  of p r im ary
m etabolism  w ere id en tified  as be ing  im p o rtan t p r e c u rs o r s  fo r  s e c o n d a ry  
m etabolites; (i) small carboxylic  ac id s, (ii) amino ac id s  an d  in te rm e d ia te s  
of th e  sh ik im ate pathw ay , (iii) nu c leo sid es  an d  (iv) in te rm e d ia te s  of th e  
tr ica rb o x y lic  acid  cycle.
The te tra c y c lin e s , along w ith  th e  a n th ra c y c lin e  s, m acro lides, 
p o ly e th e rs , ansam ycins, po lyenes and  iso ch ro m anequ inones a re  m em bers 
of th e  p o ly k e tid e  c lass  of an tib io tic s , w hich a re  sy n th e s iz e d  from  sm all 
carboxy lic  ac id s , in  a  m anner analogous to  f a t ty  acid  b io sy n th e s is . The
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F ig u r e  1.6. S chem atic  r e p r e s e n ta t io n  of th e  b io s y n th e s is  o f f a t ty  
a c id s  a n d  p o ly k e tid e s . The c irc le  lab e lled  FAS o r  PKS r e p r e s e n t  th e  
f a t t y  ac id  s y n th a s e s  o r  p o ly k e tid e  s y n th a s e s . T h e s e  com plexes 
c a r r y - tw o  th io l g ro u p s , one on  th e  13-ketoacyl s y n th a s e  (□ )  a n d  th e  
o th e r  on  th e  a c y l c a r r i e r  p ro te in  (0 ). Also lab e lled  a r e  th e  d if f e r e n t  
fu n c tio n s  r e q u ir e d  fo r  e ac h  s te p ; a ce ty l t r a n s f e r a s e  (AT), a cy l 
t r a n s f e r  re a c tio n  (TR, w h ich  is  n o t u n a m b ig u o u s ly  a s s ig n e d  to a  
s p e c if ic  com ponen t o f th e  com plex), m alonyl t r a n s f e r a s e  (MT), ' 13- 
k e to a c y l s y n th a s e  (KS), k e to re d u c ta s e  (KR) d e h y d r a ta s e  (EH), enoy l 
r e d u c ta s e  (ER), p a lm ity l t r a n s f e r a s e  (PT) o r  t h io e s te r a s e  (TE) 
in v o lv e d  in  th e  re le a s e  of pa lm ity l CoA (X=CoA) o r  f r e e  p a lm itic  acid  
(X=0H) re p e c tiv e ly . From  Hopwood an d  S herm an , 1990.
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sim ila rity  of th e s e  re a c tio n s  w as d e m o n stra ted  c o n v in c in g ly  b y  th e  
in h ib itio n  of b o th  th e se  p a th w ay s  u s in g  th e  an tib io tic  c e ru le n in  (A rison 
a n d  Omura, 1974). R ecently , DNA re g io n s  know n to  be in v o lv ed  in  th e  
e a r lie s t  s ta g e s  in  po ly k e tid e  b io sy n th e s is  h av e  b een  seq u e n c ed . The 
p re d ic te d  p ro te in  p ro d u c ts  of th e se  se q u e n c e s  have  com pelling hom ology 
to  th e  13-ketoacyl sy n th a se , 13-ketoacyl re d u c ta s e  a n d  a cy l c a r r ie r  
p ro te in  (ACP) of f a t ty  ac id  b io sy n th e s is  (fo r rev iew , see  Hopwood a n d  
Sherm an, 1990).
The s y n th e s is  of th e  f a t ty  ac id  pa lm ita te  will be c o n s id e re d  
(F ig u re  1.6) to  p ro v id e  a  b a s is  fo r  th e  d iscu ss io n  of p o ly k e tid e  
assem bly . Palm itic acid  is  an  im p o rtan t p r e c u r s o r  fo r  th e  s y n th e s is  o f 
p h o sp h o g ly ce rid e s , w hich a re  th e  p o la r  lip id s  fo u n d  alm ost ex c lu s iv e ly  in  
b iological m em branes. This f a t ty  acid  is  a  fu l ly - s a tu ra te d  16 c a rb o n  
p o ly k e tid e  w hich is sy n th e s iz e d  from  one acetyl-C oA  u n it  a n d  se v e n  
malonyl-CoA u n its , by  a  complex w ith  e ig h t enzym atic  a c tiv itie s , called  
th e  f a t ty  acid  s y n th a s e /  (FAS). The malonyl-CoA e x te n d e r  u n i t  is  
form ed from  acetyl-C oA  an d  CO2 b y  th e  ac tio n  of acetyl-C oA  carb o x y lase . 
The s t a r t e r  a c e ty l g ro u p  is  t r a n s f e r r e d ,  b y  th e  ac tio n  of a n  a c e ty l 
t r a n s fe ra s e ,  to  th e  ACP w hich in  tu r n  t r a n s f e r s  th e  a c e ty l g ro u p  to  th e  
ac tiv e  s ite  o f th e  13-ketoacyl sy n th a se . C ondensation  th e n  e n su e s  
betw een  th e  a c e ty l s t a r te r  u n it  an d  a  m alonyl e x te n d e r  u n it , w h ich  is  
a tta c h e d  to  th e  ACP v aca ted  b y  th e  a c e ty l g ro u p , re s u lt in g  in  th e  lo ss  
of CO2 (th e  same CO2 molecule u sed  to  p ro d u c e  malonyl-CoA from  
acetyl-C oA ). The ACP t r a n s f e r s  th e  g row ing  p o ly k e tid e  ch a in , in  s t r i c t  
seq u en ce , to  th e  ac tiv e  s ite s  of k e to re d u c ta se , d e h y d ra ta se  a n d  en o y l 
r e d u c ta s e  w here  th e  keto  g ro u p  from  th e  m alonyl CoA e x te n d e r  u n i t  is  
c o n v e r te d  f i r s t  to  a  h y d ro x y l g ro u p , th e n  to  a  enoyl g ro u p  a n d  f in a lly , 
to  an  a lk y l g ro u p . A fte r th is  seq u en ce  of e v e n ts  th e  g row ing  
p o ly k e tid e  chain  is t r a n s fe r r e d  back  to  th e  a c tiv e  s ite  of 13-ketoacyl 
sy n th a se . Only now can  th e  second malonyl-CoA e x te n d e r  u n it  a t ta c h  to  
th e  ACP and  p a rtic ip a te  in  a  f u r th e r  ro u n d  of c o n d e n s a tio n -re d u c tio n -  
d e h y d ra tio n -re d u c tio n . The rem ain ing  malonyl-CoA u n its  a re  a d d e d  in  a  
r e i te r a n t  cycle of reac tio n s  to form  palm ityl-ACP. A palm ityl t r a n s f e r a s e  
th e n  re le a se s  th e  palm itic acid  from  th e  FAS complex. T h e re fo re , a  
ty p ica l FAS is a  m ultiva len t system  in v o lv in g  e ig h t fu n c tio n a l u n its ;
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ace ty l, m alonyl a n d  palm ity l t r a n s fe ra s e s ,  ACP, k e to acy l sy n th a se , ke to  
re d u c ta s e , d e h y d ra ta s e  an d  enoy l re d u c ta s e . The f a t ty  acid  sy n th a se  
th a t  c a ta ly se s  th e s e  s te p s  v a r ie s  in  d if f e r e n t  life  form s. In  m ost 
b a c te r ia  a n d  p la n t p la s tid s , th e  m ultienzym e complex is  form ed from  
e ig h t s e p a ra te  p o ly p e p tid e s  (Type II FAS). In  c o n tra s t ,  th e  same e ig h t 
fu n c tio n s  a re  c a r r ie d  o u t b y  dom ains on  a  s in g le , m ultifunctional 
p o ly p ep tid e  (T ype I FAS) in  in v e r te b ra te s .  The y e a s t, Saccharom yces  
cerevis ia e , r e p r e s e n ts  a n  in te rm ed ia te  case  in  w hich  th e  FAS c o n s is ts  of 
two p o ly p e p tid e s , c a r ry in g  th re e  an d  fiv e  c a ta ly tic  a c tiv itie s  
re sp e c tiv e ly .
/
D espite  th e  obv ious s im ila rity  in  th e  c h e m is try  of th e  b io sy n th e s is  
of p o ly k e tid e  b ack b o n es  an d  f a t ty  ac id s , PKSs a p p e a r  to  be ab le  to  
in tro d u c e  com plexity  afcrfive d if fe re n t lev e ls , (i) The cycle  of re d u c tio n -  
d e h y d ra tio n -re d u c tio n  th a t  follows th e  a d d itio n  of two c a rb o n s  in  f a t ty  
acid  b io sy n th e s is  is  om itted  o r  c u rta ile d  a t  some o r  a ll of th e  p o in ts  in  
p o ly k e tid e  assem bly . T hus, th e  PKS h as  to  choose betw een  fo u r  
p o ssib ilitie s  a t  each  s te p  in  assem bly  an d  d ep en d in g  on th e  decision , 
leaves a lk y l, enoyl, h y d ro x y l o r  ke to  g ro u p s  a t  d if f e re n t c a rb o n  atom s 
(the  o c c u rre n c e  of ke to  g ro u p s  on th e  c a rb o n  b ack b o n e  g iv es  r is e  to  
th e  name "p o ly k e tid e ’1). As in  f a t ty  ac id  b io sy n th e s is , th e  m odification 
of th e  k e to  g ro u p s  p ro b a b ly  ta k e s  p lace im m ediately a f te r  co n d en sa tio n , 
r a th e r  th a n  a f te r  th e  com plete backbone  h a s  b een  form ed. This h as  b een  
su g g e s te d  b y  th e  in co rp o ra tio n  of in te rm e d ia te s , p re d ic te d  from  a  FAS- 
like p ro g re s s iv e  pa thw ay , in to  th e  small p o ly k e tid e  a sp y ro lle  in  
A sp erg illu s . P u ta tiv e  in te rm ed ia te s  th a t  c o n ta in ed  fu n c tio n a l g ro u p s , 
w hich could  n o t be p re d ic te d  from  a  F A S -type  p ro g re s s io n , w ere n o t 
in c o rp o ra te d  (S tau n to n , p e rs . comm.). F u r th e rm o re , in te rm e d ia te s  in  th e  
assem bly  of th e  p o ly k e tid e  backbone  of th e  m ycinam icins a n d  ty lo s in  
have b een  iso la ted , w hich show th e  p a t te r n  of re d u c tio n , d e h y d ra tio n , 
re d u c tio n  an d  s te r io ch e m is try  fo und  in  th e  fin a l p ro d u c t (K inoshita e t  
al., 1988 an d  H uber e t al., 1990, c ited  in  Hopwood an d  Sherm an, 1990). 
(ii) A lthough  p o ly k e tid e  chain  in itia tio n  is  p rim ed  commonly w ith  a c e ty l-  
CoA, th is  is  n o t an  ab so lu te  re q u ire m e n t. For exam ple, 
Saccharopo lyspora  e ry th ra ea  u se s  p ro p io n a te  a s  a  s t a r t e r  u n it  in  th e  
b io sy n th e s is  of e ry th ro m y c in . In  c o n tra s t  to  FAS, m any PKS make a
'  ? 
c
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choice of e x te n d e r  u n it  from  a  ra n g e  of p o ss ib ilitie s  in c lu d in g  ace ta te , 
p ro p io n a te , b u ty ra te  an d  occasionally  m ore complex a lte rn a t iv e s , (iii) As 
a  co n seq u en ce  of th e  c o n d e n s a tio n -re d u c tio n -d e h y d ra tio n -re d u c tio n  cycle  i
be in g  b ro k e n  d u rin g  th e  assem bly  o f m any p o ly k e tid e s , th e  ca rb o n  
c h a in s  o ften  co n ta in  c h ira l c e n tre s , u n lik e  th e  p ro d u c ts  of FAS w hich 
a re  ach ira l, (iv) The b io sy n th e s is  o f m any p o ly k e tid e s  in c lu d in g  
o x y te tra c y c lin e s , ac tin o rh o d in , g ra n a t ic in , ' an d  te tra cen o m y c in , inv o lv es  
cy c liza tio n  o r  a ro m atisa tion  o f th e  p o ly k e tid e  backbone . The p ro te in  
p ro d u c ts  of a c t  0RF4 an d  g ra  ORF 4, a re  d ed u ced  to  co n ta in  a  0 - 
k e to acy l cyclase  a c tiv ity  a s  th e y  can  com plem ent a c tV II  m u tan ts  w hich 
accum ulate  an  in c o rre c tly  cy c lised  s h u n t  p ro d u c t, m u tac tin  (Zhang e t  al.,
1990). Due to  s ig n ific a n t homology to  th e  d ed u ced  p ro d u c ts  of a c t  an d
opFv r
g ra  0RF4, th e  p re d ic te d  p ro d u c ts  of w hiEA an d  tcm  0RF4 a re  a lso  
th o u g h t to  h ave  cyclase  a c tiv ity  (Hopwood a n d  S herm an, 1990). The la te r  
s ta g e s  of m onensin b io sy n th e s is  invo lve  epox idases w hich  g e n e ra te  an  
in te rm ed ia te  th a t  u n d e rg o e s  a  cascad e  of r in g  c lo su re s , to  form  th e  
h e te ro cy c lic  r in g s  seen  in  th is  an tib io tic  (Cane e t ah , 1983). The th re e  
o x y g en s a t  p o sitio n s  7, 8 an d  9 (F ig u re  1.7) of th e  cyclic  e th e r s ,  a re  
d e riv e d  from  m olecular oxygen b y  epoxidation  of C=C doub le  bon d s. The 
o th e r  oxygen  atom s, in c lu d in g  th e  two in  th e  rem ain ing  cyclic  e th e r s  a re  
d e r iv e d  from  th e i r  re sp e c tiv e  p ro p io n a te  o r  a c e ta te  e x te n d e r  u n its , (v)
The p o ly k e tid e  s t r u c tu r e  is  m odified u su a lly  by  th e  a d d itio n  o f s ide  
g ro u p s  to  th e  po ly k e tid e  n u c leu s . U nusua l s u g a r  m otifs a re  a tta c h e d  
o fte n  to  m acrolide an tib io tic s . For exam ple, th e  d eo x y su g a rs  m ycarose 
an d  m ycinose an d  th e  deoxy-am ino s u g a r  m ycam inose, a re  ad d ed  to  th e  
ty la c to n e  r in g  d u rin g  th e  la te r  s ta g e s  o f ty lo s in  b io sy n th e s is  (Baltz e t  
al., 1981). The b io sy n th e s is  of o x y te tra cy c lin e  (S ection  1.14) p ro v id e s  an  
example of a  po ly k e tid e  n u c leu s  w hich is  m odified b y  th e  ad d itio n  of 
num erous side  chains. S ev e ra l an tib io tic s  h av e  b ila te ra l sym m etry  an d  
a re  th o u g h t to  be p ro d u ced  b y  d im erisa tion  of two id e n tic a l p o ly k e tid e  
nuclei. Examples inc lude , ac tin o rh o d in , p ro d u c e d  b y  S. coelicolor  
(S ection  1.11) an d  c h lo ro th ric in , p ro d u c e d  by  S . a n tib io ticu s  (Lee e t  a l ,
1986). ^
The b io sy n th es is  of th e  p o ly e th e r  m onensin A b y  S. cinnam onesis  
p ro v id e s  an  excellen t example of th e  complex "p ro g ram m in g ” re q u ire d  to
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F ig u re  1.7. The p ro p o se d  b io sy n th e tic  ro u te  to  m o n en sin  A. The 
h y p o th e tic a l p o ly k e tid e  sk e le to n  is d e r iv e d  b y  th e  c o n d e n sa tio n  of 
fiv e  a c e ty l (A), s e v e n  p ro p io n y l (P) and  one b u t r y l  (B) re s id u e s  in 
th e  o r d e r  show n. Also in d ica ted  a re  th e  p o ly k e tid e  g roup  
s u b s t i tu t io n s ;  a lk y l (W), enoyl (X), h y d ro x jd  (Y) a n d  keto  (Z) 
fu n c tio n a litie s . M odified from  Cane e t  a l ,  1983.
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sy n th e s iz e  th e  p o ly k e tid e  back b o n e  of some a n tib io tic s . D uring  
p o ly k e tid e  assem bly , th e  m onensin PKS h a s  to  make 37 decisions: choices 
of 13 b u ild in g  u n its  in  a  spec ific  o rd e r  from  a c e ta te , p ro p io n a te  an d  
b u ty ra te ;  a  choice of fo u r  ty p e s  of c h em is try  a f te r  each  of th e  12 
co n d en sa tio n s , to  g ive e ith e r  k e to  [Z], h y d ro x y l [Y], enoy l [X] o r a lk y l 
[W] a n d  c o r re c t  choice of s te r io c h e m is try  a t  12 p o in ts  in  th e  assem bly  of 
th e  c a rb o n  sk e le to n . The m onensin  PKS p ro d u c e s  on ly  one main 
p o ly k e tid e  p ro d u c t from  th e  v a s t  n u m b er of th e o re tic a l p o ssib ilitie s  
(F ig u re  1.7).
1.11 A c tin o rh o d in  B io sy n th esis
The am enability  of S . coelicolor  to  b o th  in  v iv o  an d  in  v itro  
g en e tic  m anipu la tions a n d  th e  re la tiv e  ease, w ith  w hich  ac tin o rh o d in  
p ro d u c in g  colonies can  be d e te c te d  (on a lkali medium th e y  a re  deep  
b lue) h av e  c o n tr ib u te d  tp  th e  b io sy n th e s is  of a c tin o rh o d in  being  a  
p a rad ig m  fo r th e  chain  assem bly  of o th e r  p o ly k e tid e s , in c lu d in g  
o x y te tracy c lin e . The p rim ary  ca rb o n  sk e le to n  of a c tin o rh o d in  is  d e riv e d  
from  16 a ce ta te  u n its . A s e r ie s  of m u tan ts  b locked  in  ac tin o rh o d in  
b io sy n th e s is  (a c t  m u tan ts) was iso la ted  a n d  c lass ified  in to  sev en  
p h e n o ty p ic  c la sses  (Rudd an d  Hopwood, 1979). The a c t  loci w ere show n 
to  be lin k ed  on a  s h o r t  segm ent of th e  S. coelicolor  chrom osom e, by  
a n a ly s in g  th e  fre q u e n c ie s  of reco m b in an ts  a f te r  co n ju g a l m atings 
b e tw een  a c t  m u tan ts  an d  w ild -ty p e  c u ltu re s . P airw ise  c o sy n th e s is  
be tw een  a c t m u tan ts  allowed th e  m u tan t c la sse s  to  be a r ra n g e d  in  a  
lin e a r  seq u en ce  of b io sy n th e tic  b locks; I, III , VII, IV, VI an d  V (Rudd 
an d  Hopwood, 1979). The a c t l l  m u tan ts  d id  n o t p ro d u c e  a c tin o rh o d in  in  
c o sy n th e s is  te s t s  w ith  an y  of th e  o th e r  m u tan ts  an d  w ere  p re su m ed  to  
be d e fic ien t in  a  p o s itiv e -re g u la to ry  fa c to r. The a c t l  an d  a c t l l l  m u tan ts  
fa iled  to  s e c re te  an y  b io sy n th e tic  in te rm ed ia te  w hich cou ld  be c o n v e r te d  
to  a c tin o rh o d in  by  a n y  of th e  o th e r  m u tan t c la sse s , b u t  w ere  ab le  to  
c o n v e r t  in te rm ed ia tes  s e c re te d  b y  all o th e r  m u tan t c la sse s  to  
ac tin o rh o d in . T his co sy n th e s is  d a ta  s u g g e s te d  th a t  a c t l / I I I  m u tan ts  w ere 
d e fe c tiv e  fo r  enzym es invo lved  in  th e  e a r l ie s t  s te p s  of b io sy n th e s is . The 
a c t l l l  m u tan ts  accum ulated  a re d  p igm ent, w h ereas  a c tl m u tan ts  did  n o t 
an d  w ere  deduced , th e re fo re , to  be b locked  a t  a  la te r  s ta g e  in  th e  
c o n s tru c tio n  of th e  ca rb o n  sk e le to n  (Rudd an d  Hopwood, 1979).
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F ig u re  1.8. O rg a n isa tio n  o f ORFs in  th e  PKS g en e  c lu s t e r  fo r  
a c t in o rh o d in  in  S. coelico lor, g ra n a t ic in  in  S. v io la c e o ru b e r , 
te tra c e n o m y c in  in  S. g la u c e s c e n s , th e  p u ta t iv e  s p o re  p ig m e n t in  S. 
co elico lo r  an d  o x y te tra c y c lin e  in  S. r im o su s. F rom  Hopwood a n d  
S h e rm an , 1990.
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I t  w as s u g g e s te d  th a t  g en es  o r  gene  c lu s te r s  re sp o n s ib le  fo r  th e  
sy n th e s is  of po ly k e tid e  ch a in s , m igh t h av e  a  common ev o lu tio n a ry  
o rig in  (M alpartida an d  Hopwood, 1984). U sing  p ro b e s  d e riv e d  from  
segm ents  of DNA th a t  com plem ented a c t l  an d  a c t l l l  m u tan ts  re sp e c tiv e ly , 
S o u th e rn  a n a ly s is  id en tified  hom ologous fra g m e n ts  in  genomic-DNA 
d ig e s ts  of s e v e ra l ^ t h e r  p o ly k e tid e -p ro d u c in g  s tre p to m y c e te s  (M alpartida 
e t  a l , 1987). F rag m en ts  c ro s s -h y b r id iz in g  w ith  th e  a c t l  p ro b e , w ere  
id e n tif ie d  in  th e  o x y te tracy c lin e  p ro d u c e r  S. r im o su s , th e  te tracen o m y c in  
p ro d u c e r  S . g la u cescen s  an d  th e  g ra n a tic in  p ro d u c e r  S . v io laceoruber. 
A nalysis of th e  p re d ic te d  amino acid  seq u en ce  of th e  a c t l l l  gene  p ro d u c t 
re v ea led  th a t  i t  encodes a  re d u c ta se  (Hallam e t  al., 1988). No frag m e n t 
h y b rid ize d  w ith  th e  a c t l l l  p ro b e  in  genom ic DNA d ig e s ts  of S . 
g laucescens. However, th is  was n o t u n e x p ec te d  a s  th e  b io sy n th e s is  of 
telraUenotnycin CL- does n o t re q u ire  th e  c o rre sp o n d in g  re d u c tio n .
1.12 O rg an isa tio n  of P o lyketide  S y n th a se  G enes
The a c t l  an d  a c t l l l  reg io n s  have  b een  seq u e n c ed  (F ern an d ez  an d  
M alpartida, c ite d  in  Hopwood an d  Sherm an, 1990) a long with" th e  a c tV II  
reg io n , w hich is  co linear w ith th e  a c t l  re g io n  a n d  is th o u g h t to  have  a  
ro le  in  th e  cycliza tion  of th e  p o ly k e tid e  ch a in  (Zang e t  al., 1990). A 
num ber of ORFs have been  id en tified , w hich encode p ro te in  p ro d u c ts  
w ith  con v in cin g  homology to  enzym es in v o lv ed  in  f a t ty  acid  sy n th e s is . 
These ORFs have been  d e s ig n a te d  th e  a c tin o rh o d in  p o ly k e tid e  sy n th a s e  
(a c t PKS) g en es . S equence  d a ta  h as a lso  b een  o b ta in ed  fo r  th e  PKS 
g enes of g ra n a tic in  (Sherm an e t  al., 1989), o x y te tra cy c lin e  (S herm an , 
p e rs . comm.) a n d  te tracen o m y cin  (Bibb e t  al., 1989), w hich  c ro s s ­
h y b rid ize d  w ith  th e  a c t  p ro b e s  d e sc rib e d  above. The seq u en c in g  of DNA, 
w hich com plem ents m u tan ts  of S. coelicolor  th a t  a re  d e fic ien t in  sp o re  
p igm enta tion  ( whiE), h as  also  re v e a le d  a  s e t  of ORFs th a t  c le a rly  
c o rre sp o n d  to  th o se  of know n PKS g en es  (Davis and- C h ater, 1990).
The o rg an isa tio n  of th e  a c t, gra , o tc , tcm  an d  w hiE  PKS g en es  h a s  
been  com pared in  a  re c e n t rev iew  (Hopwood an d  Sherm an, 1990). Each 
PKS gene c lu s te r  co n ta in s  th re e  c h a ra c te r is t ic  ORFs, d e s ig n a te d  ORF 1- 
2-3 (excep t fo r  th e  whiE  ORFs w hich a re  called  III-IV -V ) (F ig u re  1.8).
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The p re d ic te d  p ro te in  seq u e n c es  of ORF 1-2 show con v in cin g  hom ology 
to  th e  f a t ty  ac id  B -ketoacy l sy n th a se  of E, coli, encoded  b y  fabB , The 
p re d ic te d  p ro te in  seq u en ce  of ORF 3 in  each  c lu s te r  re sem b les  s tro n g ly  
acy l c a r r ie r  p ro te in s  (ACPs) from  FAS in  a  v a r ie ty  of life  fo rm s, 
in c lu d in g  b a c te r ia , p la n ts  an d  anim als. Im m ediately dow nstream  of ORF 1- 
2-3 th e re  is  a  fo u r th  ORF th a t  show s re la te d n e s s  betw een  d if fe re n t  PKS 
c lu s te rs .
In  c o n tra s t  w ith  th e  p re d ic te d  p ro d u c ts  of ORF 1 -2 -3 , th e
p resu m ed  p ro d u c ts  of th e  fo u r th  ORFs on ly  resem ble  each  o th e r  in  a
spec ific  domain. The a c t an d  g ra  0RF4 seq u en ces  show hom ology
/■
th ro u g h o u t th e ir  e n tire  le n g th . T hese p a r t ic u la r  ORFs a re  b o th  th o u g h t 
to  encode a  b ifu n c tio n a l c y c la s e /d e h y d ra ta se , a s  th e y  com plem ent a c tV II  
m u tan ts , w hich accum ulate  m u tac tin  a n d  a re  th o u g h t to  be d e fe c tiv e  in  
cy c liza tion  an d  an  accom panying d e h y d ra tio n . The p re d ic te d  p ro d u c t  of 
whiE  ORF VI, resem b les  on ly  th e  am ino -te rm ina l ha lf of th e  a c t a n d  g ra  
0RF4 p ro te in s . I t  was d ed u ced , th e re fo re , th a t  th e  whiE  ORF VI may 
encode a  m onofunctional p o ly k e tid e  cy c la se  (Hopwood a n d  S herm an ,
1990). The tcm la  0RF4 p ro te in  w as th o u g h t o rig in a lly  to  be  a  
b ifu n c tio n a l c y c la se /O -m e th y ltra n sf  e ra se . However, r e c e n t  ev id en ce  
(d e sc rib ed  in  C h ap ter 4), s u g g e s ts  th a t  th e re  may be an  e r r o r  in  th e  
seq u en ce  an d  th a t  th e  tcm  PKS, sim ilar to  whiE, may ac tu a lly  co n ta in  a  
m onofunctional cyclase  (H utchinson, p e rs . comm.). The DNA seq u e n c e  of 
th e  ORF4 reg io n  of S. rim osus  has  n o t been  com pleted (S herm an, p e rs .  
comm.). H owever, a  reg io n  of DNA im m ediately dow nstream  of o tc  ORF1-2- 
3 does h y b rid iz e  w ith  a c tV II  DNA (B u tle r e t al,, 1990).
The a c t l l l  gene (a c t  0RF5), w hich  is  encoded  on th e  o p p o s ite  
s t r a n d  to  ORF 1-2-3, is  p re d ic te d  to  encode a  k e to re d u c ta se  (Hallam e t  
a l , 1988). R ecently , th e  in tro d u c tio n  of a  plasm id c a r ry in g  on ly  th e  
in ta c t  a c t l l l  (a c t  ORF5) gene in to  th e  2 -h y d ro x y a lk av in o n e  p ro d u c e r  
S trep to m y c es  galilaeus  ATCC 31671 w as show n to  r e s u l t  in  th e  ex c lu siv e  
form ation  of th e  h y b rid  an tib io tic  a lk av in o n e  (B arte l e t  al,, 1990). The 
chem ical a n a ly s is  of a lkav inone an d  o th e r  h y b r id  p o ly k e tid e s  p ro d u c e d  
by  S. ga lilaeus, w hen tran sfo rm ed  w ith  DNA from  S. coelicolor  c o n ta in in g  
d if fe re n t com binations of th e  a c tl, III , IV  an d  VII loci, s u g g e s te d  th a t
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th e  fu n c tio n  of th e  a c t  0RF5 p ro d u c t w as to  re d u c e  th e  k e to  g ro u p  a t  
C-9 from  th e  ca rb o x y  te rm in u s  to  a  h y d ro x y l g ro u p  (B arte l e t  al, 1990). 
This p ro p o sa l is  c o n s is te n t w ith  th e  f in d in g  th a t  th e  p re d ic te d  seq u en ce  
of th e  a c t  0RF5 p ro d u c t h as  s ig n if ic a n t hom ology to  o th e r  re d u c ta s e s  
(Hallam e t  al., 1988). The p re d ic te d  amino ac id  seq u en ce  of th e  g ra  ORF5 
an d  ORF6 p ro te in s  show  h ig h  sim ila rity  to  th e  p re d ic te d  a c t l l l  g ene  
p ro d u c t an d  p o ss ib ly  encodes a  h e te ro d im eric  k e to re d u c ta se  (Hopwood 
an d  S herm an, 1990). S eq u en cin g  of a  fra g m e n t w ith in  th e  o tc  c lu s te r ,  
w hich c ro s s -h y b r id iz e d  w ith  a c t l l l  DNA (B u tle r e t  ah, 1990), h a s  
re v e a le d  a  p o ten tia l p ro te in  coding  re g io n  th a t  is  p re d ic te d  to  encode a  
p ro d u c t w ith  h ig h  amino acid  seq u en ce  id e n tity  to  th e  d e d u ced  a c t l l l  
p ro d u c t  (T ham chaipenet, p e rs . comm.). The re g io n s  in  th e  o tc  c lu s te r ,  
w hich h y b rid ize d  to  a c t l  an d  a c t l l l  DNA, a re  s e p a ra te d  b y  
approx im ate ly  8 kb  (B u tle r e t  ah, 1990) in d ica tin g  th a t  th e  g en e tic  
o rg a n isa tio n  of th e  o tc  PKS is  topo log ica lly  d if fe re n t to  th e  o th e r  PKS 
gene c lu s te r s  so f a r  an a ly sed .
1.13 The Module H ypo thesis
The b io sy n th e s is  of th e  m acrolide an tib io tic  e ry th ro m y c in  A (erA) 
by  Saccharopo lyspora  e ry th ra e ,  is  a  complex p a th w ay  th a t  in c lu d e s ; (i) 
th e  form ation  of a  14-m em bered m acrolactone r in g  from  th e  c o n d en sa tio n  
of propionyl-C oA  an d  6 m ethylm alonyl-CoA re s id u e s , (ii) th e  s y n th e s is  
an d  a tta ch m en t of s u g a r  re s id u e s  to  form  e ry th ro m y c in  D (erD) an d  (iii) 
th e  h y d ro x y la tio n  an d  O -m ethylation of erD to  form  erA. G enes in v o lv ed  
in  th e  sy n th e s is  of th e  m acrolactone r in g  a re  d e s ig n a te d  eryA  an d  a re  
th o u g h t to  be closely  lin k ed  in  a  30 kb  reg io n  of DNA. C ro ss­
h y b rid iza tio n  betw een  d if fe re n t frag m e n ts  w ith in  th e  30kb seg m en t a n d  
lim ited seq u en c in g  s u g g e s te d  th a t  th e  eryA  re g io n  w as o rg a n is e d  in to  
six re p e a te d  m odules of approx im ate ly  5 kb , each  co n ta in in g  an  a c e ty l 
t r a n s fe ra s e ,  ACP, f i-k e to sy n th a se  an d  13-ketoreductase  (Katz e t  ah , 1990). 
As th e  assem bly  of e ry th ro m y c in  r e q u ire s  six . co n d en sa tio n , i t  w as 
p ro p o sed  th a t  each  module co n ta in s  th e  enzym atic  a c tiv itie s  r e q u ire d  
fo r th e  co n d en sa tio n  and  p ro c e ss in g  of on ly  one o f th e  six 
m ethylm alonyl-CoA e x ten d e r u n its  (Katz e t  al., 1990).
R ecently , a lOkb segm ent of DNA from  th e  eryA  reg io n , w hich  w as
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F ig u re  1,9. P o te n tia l  c a ta ly tic  s i te s  in  th e  d e d u c e d  p ro te in  of 
ORFA in  th e  e ry A  re g io n  of th e  S a cch a ro p o ly sp o ra  e ry th ra e a i  ACP, 
acy l c a r r i e r  p ro te in ;  KS, 13-ketoacyl-ACP s y n th a s e ;  AT, 
a c y l t r a n s fe ra s e  o r  th io e s te ra s e  an d  KR, 13-ketoacyl-ACP re d u c ta s e . 
A b b re v ia tio n s : S, S a d ;  Sm, Smal. M odified from  C o rte s  e t al, (1990).
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cloned  b y  chrom osom e w alk ing  from  th e  erm E  re s is ta n c e  d e te rm in a n t, h a s  
b een  seq u e n c ed  com pletely  (C ortes e t  al., 1990). A nalysis of th e  seq u en ce  
re v e a le d  a  PPCR ex ten d in g  o v e r  9.5kb. The d ed u ced  p ro te in  p ro d u c t  
co n ta in s  n ine  s e p a ra te  p o rtio n s , w hose amino acid  se q u e n c e s  a re  v e ry  
sim ilar to  th e  amino ac id  se q u e n c e s  fo r  th e  c a ta ly tic  dom ains o f know n 
fa t ty  ac id  an d  p o ly k e tid e  s y n th a s e s  (F ig u re  1.9). The N -te rm in a l an d  C- 
te rm in a l h a lv es  of th e  d ed u ced  p ro te in  each  co n ta in  a  s e t  of fo u r  
p re d ic te d  a c tiv itie s  in  th e  same o rd e r , ex cep t fo r  th e  p re s e n c e  of an  
a d d itio n a l a c y lt ra n s fe ra s e  (o r th io e s te ra se )  domain a t  th e  C -te rm in u s . I t  
would a p p e a r  th a t  a  s in g le , m u ltifu n c tio n a l p e p tid e , w hich  re sem b les  
ty p e  II  FAS in  in v e r te b ra te s ,  m ight c a ta ly se  more th a n  two of th e  six 
p o ssib le  co n d en sa tio n  cycles . In  c o n tra s t ,  re la tiv e ly  sim ple p o ly k e tid e  
s t r u c tu r e s  su c h  a s  a c tin o rh o d in , g ra n a tic in , te tra ce n o m y c in  a n d  
oxy te tra c y c lin e  would a p p e a r  to  be s y n th e s is e d  b y  m ultienzym e 
com plexes, w hich co n ta in  s in g le  p o ly p ep tid e s  fo r  each  c a ta ly tic  a c t iv i ty  
(Hopwood an d  Sherm an, 1990).
I t  was su g g e s te d  th a t  th e  la rg e  num ber of g en es  in v o lv ed  in  
th e  assem bly  of th e  m acrolactone r in g  may re f le c t  th e  com plexity  of th e  
s t r u c tu r e  (Katz e t al., 1990). I t  is  conceivab le  th a t  o th e r  m acrolide 
an tib io tic s , in c lu d in g  ty lo s in , av erm ec tin  an d  p e rh a p s  p o ly e th e rs  su c h  
a s  m onensin  will a lso  re q u ire  a  num ber of PKS m odules fo r  a ssem b ly  of 
th e  ca rb o n  chain . The seq u en c in g  of m any of th e s e  c lu s te r s  is  
c u r r e n t ly  u n d e rw ay  an d  shou ld  p ro v e  e n lig h te n in g  in  th e  n e a r  fu tu re .
1.14 B io sy n th es is  of O x y te tracy c lin e
Oxy te tra c y c lin e  (5 -h y d ro x y te tra cy c lin e ; OTC) is  one of th e  
com m ercially -im portan t b ro a d -sp e c tru m , te tra c y c lin e  s e r ie s  of p o ly k e tid e  
an tib io tic s  p ro d u ced  in  la rg e -sc a le  fe rm en ta tio n s  b y  S. rim osus. W ithin 
th e  te tra c y c lin e  g ro u p , deoxycycline  (6 -d e o x y -h y d ro x y te tra c y c lin e ) , 
w hich is  made b y  a  chem ical m odification of OTC an d  c h lo ro te tra c y c lin e  
(N -d em eth y l-7 -ch lo ro te tracy c lin e ; CTC), p ro d u c e d  by  S. a u reo fa c ien s, a lso  
have  im p o rtan t p h arm aceu tica l p ro p e r tie s . A la rg e  n u m b er of 
te tra c y c lin e s  have  b een  re p o r te d , some of w hich a re  m ade b y  
m icroorganism s o th e r  th a n  s tre p to m y c e te s , fo r  example, Nocardia  (S in c la ir 
e t  al., 1962).
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F ig u re  1.10. B io sy n th es is  of oxy te t r a c y c l in e .  In d ic a te d  a re  th e  
p ro p o se d  s te p s  a t  w hich v a rio u s  O T C -negative  m u ta n ts  a re  b locked . 
From  R hodes e t  ah, 1981.
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The p lau sib le  b io sy n th e tic  p a th w ay  fo r  th e  te tra c y c lin e s  w as 
e lu c id a ted  a t  th e  L ed erle  L ab o ra to rie s  (McCormick, 1966; McCormick a n d  
Je n se n , 1969) b y  th e  biochem ical a n a ly s is  of in te rm e d ia te s  p ro d u c e d  b y  
m u tan ts  b locked in  p ro d u c tio n . C onfirm ation of th e  p o ly k e tid e  n a tu re  of 
th e  ca rb o n  sk e le to n  w as o b ta in ed  b y  NMR sp e c tro sc o p y  of OTC, lab elled  
w ith  13C -labelled  a c e ta te  an d  m alonate (Thomas an d  Williams, 1983).
Chemical c o n s id e ra tio n s  p re d ic t  a t  le a s t  n ine  s ta g e s  lead in g  to  
o x y te tracy c lin e  (F ig u re  1.10) (Rhodes e t  al., 1981);. (i) th e  se q u e n tia l 
co n d en sa tio n  of e ig h t malonyl-CoA e x te n d e r  u n its  on to  a  malonamyl-CoA 
p rim er u n it  to  p ro d u c e  a  n o n ak etid e  an d  th e n  cy c liza tio n  to  form  th e
te tra c y c lin e  n u c leu s , (ii) C-6 m ethy la tion  to  form  th e  f i r s t  iso la tab le
in te rm ed ia te  6 -m e th y lp re te tram id  (6MPT), (iii) C-4 h y d ro x y la tio n  to  form  
4-hydroxy-6M PT , (iv) C-6 oxidation  to  form  4 -k e to -a n h y d ro te tra c y c lin e  
(4-amino-ATC), (v) C-4 tran sam in a tio n  to  form  4-keto-A TC , (vi) double  N- 
m ethy la tion  to  form  ATC, (vii) C-6 h y d ro x y la tio n  to  form
d e h y d ro te tra c y c lin e  (DHTC), (viii) C-5 h y d ro x y la tio n  to  form
dehy  d r  o o x y te tracy  cline  (DHOTC) an d  fin a lly  (ix) C S F l-d e p e n d e n t 
re d u c tio n  to  form  OTC.
G enetic a n a ly s is  of m u tan ts  b locked  in  OTC p ro d u c tio n  in d ic a ted  
th a t  th e  o x y te tracy c lin e  (otc) g en es  w ere lo ca ted  on th e  chrom osom e of 
S . r im osus  (P igac an d  A lacevic, 1979). The f i r s t  in te g ra te d  s tu d y  of th e  
g en e tic s  an d  b io ch em istry  of OTC p ro d u c tio n  w as u n d e r ta k e n  a t  th e  
P fizer L ab o ra to rie s  (Rhodes e t  al., 1981). A s e r ie s  of m u tan ts  b locked  in  
OTC p ro d u c tio n  w as iso la ted  an d  c lass ified  p rim arily  on th e  b a s is  of 
co sy n th e s is  te s t s  in  liqu id  c u ltu re , in to  n ine  g ro u p s . S ing le  
re p re s e n ta t iv e s  from  each  g ro u p  (o tc -4 , - 19, -20, -25, -56, -75, -90, -
151, a n d  -155) w ere  se lec ted  fo r f u r th e r  an a ly s is . T h ree  of th e se
m u tan ts , o tc -19, -5 6  an d  -155, w ere  ab le  to  p ro d u c e  OTC w hen
su p p lied  w ith  c u ltu re  f i l t ra te  of th e  Coenzyme F420-p ro d u c in g  s t r a in  5.
a u reo fa c ien s  ATCC 13190. This su g g e s te d  th a t  th e se  o tc  m u tan ts  w ere  
b locked in  th e  s y n th e s is  of th is  c o sy n th e tic  fa c to r , w hich is e s s e n tia l  
fo r  th e  fina l enzym atic  s te p  in  OTC b io sy n th e s is . The rem ain ing  six 
c lasses  of o tc  m u tan ts  w ere p resu m ed  to  be b locked  a t  six d if fe re n t  
s te p s  in  th e  b io sy n th e tic  seq u en ce  from malonyl-CoA to  o x y te tra cy c lin e .
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The a b so lu te  o rd e r  in  w hich th e  o tc -4 , -20, -25, -75, -9 0  a n d  -  
151 m u ta n ts  w ere  b locked  could n o t be  d ed u ced , a s  each  re p re s e n ta t iv e  
fa iled  to  c o sy n th e s ize  OTC w ith  th e  o th e r  o tc  m u tan ts  in  a g a r  s t r ip  
t e s t  in  a n y  of th e  p o ssib le  pa irw ise  com binations (as d e sc r ib e d  b y  Delic 
e t al., 1969). The feed in g  of know n in te rm e d ia te s  of OTC d id , to  some 
e x ten t, d e lin ea te  th e  s te p s  w hich could  be  b locked  (Rhodes e t  al., 1981). 
All of th e  o tc  m u tan ts , ex cep t otc-25, cou ld  c o n v e r t  a  d e r iv a tiv e  of DHTC 
to  OTC. I t  w as a rg u e d  th a t  th e  o tc -2 5  m u tan t could, n o t be b locked  in  
C-5 h y d ro x y la tio n , a s  d e h y d ro x y te tra c y c lin e  would p ro b a b ly  be 
c o n v e r te d  to  te tra c y c lin e , w hich is  b io logically  ac tive : th e  o tc -2 5  m u tan t 
h as  a  a n tib io tic -n e g a tiv e  p h en o ty p e . The o tc -2 5  m u tan t w as p resu m ed , 
th e re fo re , to  be b locked  in  th e  re d u c tio n  of DHOTC to  form  OTC. The 
o tc -4  m u tan t w as ab le  to  c o n v e r t ATC, b u t  n o t 4-amino-ATC, to  OTC a n d  
was d ed u ced , th e re fo re , to  be b locked  in  N -m ethy la tion  of 4-amino-ATC. 
S im ilarly , th e  o tc - 75 m u tan t could  n o t c o n v e r t  ATC to  OTC an d  w as 
th o u g h t c o n se q u e n tly  to  be b locked  in  th e  C-6 h y d ro x y la tio n  th a t  fo rm s 
DHTC. H aving a ss ig n e d  th e  otc-25, -4  an d  -7 5  m u tan ts  to  th e  s te p s  
b etw een  4-amino-ATC, w hich would p ro d u c e  a n tib io tic -n e g a tiv e  
p h e n o ty p es  if  d is ru p te d , i t  was conclu d ed  th a t  otc-20 , -9 0  an d  -151  
w ere b locked  b efo re  th e  form ation of 4-amino-ATC. M utant in  th e  c la ss  
r e p re s e n te d  b y  o tc-90  w ere pale a n d  nonp igm ented . As m any of th e  
in te rm ed ia te s  an d  s h u n t p ro d u c ts  of th e  p a th w ay  a re  h ig h ly  co lo u red , i t  
was co n s id e re d  p ro b ab le  th a t  th e  o tc -9 0  m u tan t w as b locked  in  th e  
e a r lie s t  b io sy n th e tic  s te p s  (H unter, p e rs . comm.). The m u tan t c la s s e s  
r e p re s e n te d  b y  o tc-4 , -20, -25, -75, -90, a n d  -151  w ere  a s s ig n e d  to
p u ta tiv e  loci otcD, otcX, otcA, otcC, o tc Y  an d  o tcZ  re sp e c tiv e ly  (R hodes 
e t  al., 1981). The co n v ersio n  of DHTC to  DHOTC was a t t r ib u te d  to  a  
p u ta tiv e  locus called  otcB.
G enetic m apping, u s in g  th e  re p re s e n ta t iv e s  from  each  m u ta n t 
g ro u p , su g g e s te d  th a t  th e  o tc  g en es  w ere  located  in  two d is t in c t  
c lu s te r s  (Rhodes e t al., 1981). The f i r s t  (located  a t  4 o ’clock on th e  
c irc u la r  map of th e  S. r im osus  chrom osom e), was re sp o n s ib le  fo r  th e  
form ation  of th e  te tra c y c lin e  n u c leu s  an d  i ts  c o n v ers io n  to  
a n h y d ro te tra c y c lin e  (ATC), while th e  second  (located  a t  10 o ’c lock),
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F ig u re  1.11. R es tr ic tio n  map of th e  o tc  c lu s te r .  H a tch ed  b oxes 
deno te  th e  lo ca tio n  of th e  o tr  r e s is ta n c e  g e n e s . C losed 
boxes ( J J )  show th e  minimum DNA seg m en ts  t h a t  can  com plem ent 
th e  O T C -negative c la sse s  of m u ta n ts  (B u tle r e t  al., 1989). S tip p le d  
boxes (f— |) d isp lay  hom ology to  a c t  DNA (B u tle r e t al., 1990). The 
o p en  box (I 1) d en o tes  th e  p o s itio n  of th e  o tcC  gene lo c a te d  b y
" re v e r s e  g en e tic s"  (B innie e t  al., 1989). The line  ( |— -—| ) d e lin e a te s  
th e  re g io n  of DNA in  pPFZ163 w h ich  c o n fe rs  th e  a b ility  to  p ro d u c e  
OTC w hen in tro d u c e d  in  S. l iv id a n s  a n d  S. a lb  u s  (B inn ie  e t  al.,
1989). A b b rev ia tio n s: B, BamHI; Bg, BgEl; E, EcoRl; H, HindLII; K, 
KpriL; P, P stl;  R, FcoRV; S, S a d ;  S p , S p h l.  M odified from  B u tle r  e t  
al., 1990.
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co n ta in ed  two s e ts  of g en es  w hose p ro d u c ts  e ith e r  h ad  an  enzym atic  
ro le  in  th e  co n v ers io n  of ATC to  OTC o r  w ere in v o lv ed  in  th e  
b io sy n th e s is  of Coenzyme F420 (also called  CSF1).
In itia lly , th e  e a r ly  s te p s  en co d ed  in  th e  4 o ’clock  w ere  th e  fo cu s  
of a tte n tio n  a t  th e  P fize r  L ab o ra to rie s . Genomic DNA frag m e n ts  of S. 
r im osus, w hich c o n fe rre d  re s is ta n c e  to  OTC an d  com plem ented all of th e  
o tc  m u ta n ts  {o tc-4 , -20, -9 0  an d  -151) b locked in  th e  "ea rly "
b io sy n th e tic  seq u en ce  from  m alonyl CoA to  a n h y d ro te tra c y c lin e  (ATC), 
w ere cloned . The cloned  DNA w as lin k ed  p h y s ica lly  w ith in  a  35 kb  
seg m en t of th e  chrom osom e. The g ene  c lu s te r  is  f la n k e d  b y  two 
re s is ta n c e  g en es , w hich can  in d e p e n d e n tly  co n fe r p ro te c tio n  a g a in s t  th e  
a n tib io tic  (F ig u re  1.11) (B u tle r e t  aL , 1989).
At th e  P fize r la b o ra to r ie s , a t te n tio n  tu rn e d  s u b se q u e n tly  to  th e  
fu n c tio n s  invo lved  in  th e  c o n v e rs io n  of ATC to  OTC. The p ro d u c t  of th e  
otcC  g en e , a n h y d ro te tra c y  cline (ATC) o x ygenase , h as an  eas ily  a ssa y a b le  
enzym atic  ac tiv ity . A " re v e r s e  g en e tic"  ap p ro a ch  was ta k e n  to  clone th e  
otcC  g ene  an d  linked  DNA, th a t  is th e  10 o ’clock c lu s te r . The ATC 
o x y g en ase  was p u rif ie d  an d  th e  N -term inal seq u en ce  d e te rm in ed . 
O ligonucleotide p ro b e s  w ere  d e s ig n ed  an d  u sed  to  clone a  c o rre sp o n d in g  
frag m e n t of chrom osom al DNA from  S . r im o su s. The s c re e n in g  of a  cosm id 
l ib ra ry , u s in g  a  p ro b e  d e riv e d  from  th e  cloned  DNA, lo ca ted  th e  otcC  
g ene  w ith in  th e  c lu s te r  fo r  th e  e a r ly  s te p s  in  OTC p ro d u c tio n  an d  n o t 
a s  ex p ec ted  (Rhodes e t  al., 1981) a t  a  s e p a ra te  locus on th e  o p p o site  
s ide  of th e  chrom osom al map (B innie e t  al., 1989). The h y b rid iz a tio n  
r e s u l ts  c o n tra d ic te d  th e  o rig in a l g en e tic  m apping d a ta  an d  i t  becam e a  
form al p o ssib ility  th a t  all th e  s t r u c tu r a l  g en es  fo r  OTC b io sy n th e s is  
w ere  located  in  th e  4 o ’clock c lu s te r . The a b ility  of a  p lasm id c a r ry in g  
th is  g en e  c lu s te r  (on a  34 kb EcoRl frag m en t) to  co n fe r OTC p ro d u c tio n  
w hen in tro d u c e d  in to  th e  h e te ro lo g o u s  h o s ts  S. a lb u s  an d  S. liv id a n s , 
d e m o n stra ted  co n v in c in g ly  th a t  all th e  s t r u c tu r a l  g en es  fo r  OTC w ere  
in d eed  linked  on a  s in g le  segm ent of th e  S. r im osus  chrom osom e (B innie 
e t  al., 1989).
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R ecently , i t  h as  b een  show n th a t  th e  ATC o x y g en ase  a lso  h as  a  
re q u ire m e n t fo r  a  flav in  c o sy n th e tic  fa c to r , w hich is  d is t in c t  from  CSF1 
u sed  b y  th e  te tra c y c lin e  d e h y d ro g e n a se s  (V ancurova e t  al., 1988). 
A lthough th e  o tc -7 5  m u tan t is  b locked  c lea rly  in  th e  co n v ers io n  of 
ATC to  DHTC, i t  would now a p p e a r  th a t  th e  m uta tion , w hich  w as m apped 
o u ts id e  th e  4 o ’clock c lu s te r , d is ru p ts  th e  b io sy n th e s is  of a  co fac to r 
re q u ire d  fo r  ATC oxygenase  a c tiv ity  a n d  n o t th e  ex p re ss io n  of th e  otcC  
gene p ro d u c t itse lf . T h e re  is  a lso  no co n v in c in g  m apping  d a ta  availab le  
to  s u p p o r t  th e  p u b lish e d  location of th e  o tc -2 5  m u ta tion  (Rhodes e t  al., 
1981) to  th e  10 o ’clock c lu s te r  (Binnie e t  al., 1989). The h e te ro lo g o u s 
p ro d u c tio n  of OTC, how ever, d em o n stra te s  c le a rly  th a t  th e  otcA  locus 
is  lo cated  w ith in  th e  34 kb  EcoRl frag m en t, f la n k e d  b y  th e  two 
re s is ta n c e  genes. A ttem pts a re  u n d e rw ay  to  locate  th e  o tc  A locus b y  
com plem entation of th e  o tc -2 5  m u tan t (B innie, p e rs . comm.).
U sing a  s e r ie s  of o v e rlap p in g  DNA frag m e n ts  from  th e  ac tin o rh o d in  
an d  o x y te tracy c lin e  c lu s te rs ,  i t  has b een  p o ssib le  to  define  re g io n s  
w hich c ro ss  h y b rid ize  (B utler e t  al., 1990). S u b s ta n tia l h y b rid iza tio n  
s ig n a ls  w ere o b se rv e d  betw een  th e  following re g io n s  (F ig u re  1.11). (i) 
The a c t l  and  a c t l l l  DNA p ro b es  bo th  h y b rid iz e d  to  th e  DNA segm en t 
th a t  com plem ents th e  o tc Y  m u tan ts , w hich is  c o n s is te n t w ith  th e  
p re v io u s  p ro p o sa l (H unter, p e rs . comm.) th a t  th e  o tc Y  m u tan ts  w ere  
b locked  in  th e  e a r lie s t  s te p s  in  b io sy n th e s is , (ii) An o tc  DNA frag m en t 
ad jo in in g  th e  ac£ I-h y b rid iz in g  reg io n  h y b rid iz e s  to  a c tV II  DNA. T his 
s u g g e s ts  th a t  th e re  could  be a  gene encod ing  a  p u ta tiv e  cyclase  in  th e  
o tc  c lu s te r , dow nstream  of th e  g en es  fo r  th e  13-ketoacyl sy n th a se  a n d  
ACP, a s  found  in  th e  a c t, gra , tcm  an d  whiE  PKS c lu s te r s  (S ection  
1.12). (iii) P a r t  of th e  actVA reg io n , w hich h as  b een  im plicated in  
h y d ro x y la tio n  (Hopwood e t  al., 1985; Cole e t al., 1987) h y b rid iz e s  to  a  
segm en t of th e  DNA th a t  com plem ents otcX  m u tan ts . The C-4 
h y d ro x y la tio n  of 6 -m e th y lp re te tram id  is  one of th e  p o ssib le  s te p s , w hich 
could  be blocked in  th e  otcX20  m utant. The c ro s s -h y b r id iz a tio n  betw een  
th e  actVa reg io n  an d  th e  otcX  reg io n  m ight in d ic a te  a  segm en t of DNA 
re q u ire d  fo r  h y d roxy la tion . (iv) A re g io n  of actVB DNA h y b rid iz e s  to  a  
segm ent located  betw een th e  reg io n s  th a t  h y b rid iz e  to  a c t l  an d  a c tl l l .  
I t  h as  been  p ro p o sed  th a t  m utations in  th e  actVB reg io n  could be
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d e fec tiv e  in  a  h y d ro x y la tio n  s tep , w hich  is  s e p a ra te  from  actVa 
h y d ro x y la tio n  (Cole e t al., 1987). In  th e  b io sy n th e s is  of OTC, th e  
co n v ers io n  of d e h y d ro te tra c y c lin e  to  d e h y d ro o x y te tra cy c lin e  r e q u ire s  a 
C-5 h y d ro x y la tio n . Should  th e  reg io n  of actVB, w hich  h y b rid iz e s  to  th e  
o tc  c lu s te r ,  co n ta in  a  s t r u c tu r a l  gene  in v o lv ed  in  h y d ro x y la tio n , i t  is  
p o ssib le  th a t  th e  re g io n  of th e  o tc  c lu s te r  th a t  c ro s s -h y b r id iz e s  w ith  
actVB DNA could  encode th e  otcB  gene.
The otrA  r e s is ta n c e  gene p ro d u c t (OtrA) p ro te c ts  th e  ribosom es 
from  tra n s la t io n a l a r r e s t  b y  OTC, w hile th e  p ro d u c t  of th e  o trB  
re s is ta n c e  gene r e s u l ts  in  d e c rea se d  accum ulation  (in c re a se d  efflux) of 
th e  an tib io tic  from  th e  mycelium (O hnuki e t  al., 1985). The otrA  g ene  h a s  
been  c loned  from  th e  P fize r  p ro d u c tio n  s t r a in  S. r im o su s  M15883 (R hodes 
e t al., 1984)) a n d  seq u en ced  (Doyle, 1987). The p re d ic te d  amino ac id  
seq u en ce  of OtrA is  v e ry  sim ilar to  th e  d ed u ced  amino acid  seq u en ce  of 
e longation  fa c to r  G (EF-G) from E. coli (Zengel e t  ah, 1984). I t  h as  b een  
p ro p o sed  th a t  OtrA may fu n c tio n  a s  an  a l te rn a tiv e  EF-G, w hich  
s u b s t i tu te s  fo r  th e  u su a l EF-G th a t  is  p re su m ed  to  be  in h ib ite d  b y  
te tra c y c lin e  (Doyle e t  al., 1991).
Tandem  p ro m o te rs  w ere p ro p o sed  fo r  th e  otrA  r e s is ta n c e  gene  
(Doyle, 1987). The p ro m o ter o trA p l, w hich  is  n e a re s t  th e  p u ta tiv e  
tra n s la t io n  in itia tio n  codon, resem bles th e  c o n se n su s  fo r  th e  m ajor c la ss  
of e u b a c te r ia l p ro m o ters . The seq u en ce  of th e  p u ta tiv e  otrAp2 p ro m o te r 
was n o t d e term ined  a s  i t  lay  ju s t  o u ts id e  th e  re g io n  w hich w as c loned  
an d  seq u en ced . T ra n s c r ip ts  p re d ic te d  to  o r ig in a te  from  th e se  tandem  
p ro m o ters  w ere d e te c te d  in  RNA iso la ted  from  S. r im osus  M4018, u n d e r  
co n d itions w hich d id  n o t s u p p o r t  an tib io tic  p ro d u c tio n . As no s t r u c tu r e  
resem bling  a  rh o - in d e p e n d e n t te rm in a to r w as d e te c te d  in  th e  tnfer'- 
gehie reg io n  Ups4vaat\r\ c^- dVr-A j i t  w as s u g g e s te d  f u r th e r  th a t  o trA  
may be t r a n s c r ib e d  a s  p a r t  of a  p o ly c is tro n ic  m essage along w ith  th e  
b io sy n th e tic  gene, otcZ, w hich is  located  im m ediately u p s tre am  a n d  is  
t ra n s c r ib e d  from th e  same s tra n d  as otrAjr/ d u r in g  an tib io tic  b io sy n th e s is  
(Doyle, 1987). The p re se n c e  of tandem  p ro m o te rs  s u g g e s te d  th a t  th e  
ex p re ss io n  of otrA  could  be m odulated  d u r in g  th e  g ro w th  cycle  b y  
a lte rn a tiv e  form s of RNA polym erase.
Chapter 1 General In tro d u c tio n  46
1.15 Scope of P re s e n t  Work
The w ork p re s e n te d  in  th is  th e s is  w as co n ce rn ed  p rim arily  w ith  
tra n s c r ip t io n a l  an a ly s is  a t  th e  "otrA"  e n d  of th e  o x y te tra cy c lin e  c lu s te r . 
The sp ec ific  aims w ere to  id e n tify  a n d  c h a ra c te r is e  all of th e  p ro m o te rs  
p e r ta in in g  to  th e  ex p ress io n  of th e  o trA  re s is ta n c e  gene, to  de term in e  
th e  tem p o ra l a c tiv ity  of th e se  p ro m o te rs  a t  d if f e re n t s ta g e s  d u r in g  th e  
fe rm en ta tio n  of o x y te tracy c lin e  an d  to  an a ly se  th e  re g io n s  of th e se  
p ro m o ter fo r  an y  p u ta tiv e  r e g u la to ry  seq u e n c es  in v o lv ed  in  otrA  
ex p re ss io n .
D uring  th e  co u rse  of th is  p ro je c t  DNA seg m en ts  th a t  
com plem ented c la sses  of m u tan ts  b locked  in  OTC p ro d u c tio n  (R hodes e t  
al ., 1981) w ere also  seq u en ced  an d  an a ly sed .
CHAPTER 2 
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INTRODUCTION
This c h a p te r  co n ta in s  th e  g e n e ra l p ro c e d u re s  u se d  in  th e  
ex p erim en ts  w hich w ere th e  b a s is  of th is  th e s is . The c h a p te r ’ is  d iv ided  
in to  th r e e  main sec tio n s  fo r  conven ience; (2.1) b a c te r ia l  s tr a in s  an d  
v e c to rs , (2.2) m icrobiological te c h n iq u e s  an d  s ta n d a rd  m edia an d  (2.3) 
nucleic  ac id  iso la tion  an d  m anipulation .
2.1 BACTERIAL STRAINS AND VECTORS
The b a c te ria l s ta in s , p lasm ids an d  b a c te r io p h a g e s  u se d  in  th is  
s tu d y  a re  lis te d  in  T ables 2.1, 2.2 a n d  2.3 re sp e c tiv e ly .
TABLE 2 .1  B a c t e r i a l  s t r a i n s
STRAIN GENOTYPE REFERENCE/SOURCE
E s c h e r i c h i a  c o l i  s t r a i n s
CB51 dam , a r a ,  t h i , A ( l a c - p r o )  C h r i s  Boyd
DS941 r e c F 1 4 3 ,  p r o A l , s t r 3 1 ,  t h r l , D ave S h e r r a t t
le u Q , t s x 3 3 , m t l 2 , h i s 4 , argEZ , 
l a c Y + , lacZ H W lb  , l a c i v  , g a lK 2  , 
a r a 1 4 , s u p E 4 4 , x y ! 5 .
TGI su p E , h s d l L5, t h i ,  £\{ la c - p r o A B )  , G ib s o n  (1 9 8 4 )
F ’ [ tra D 3 6  , proA B *  , l a c l **, 
la c Z A M15] .
Hopwood e t  a l . , ( 1 9 8 5 a )  
Hopwood e t  a l . ,  (1 9 8 5 a )
Hopwood e t  a l . , (1 9 8 5 a )
S t r e p t o m y c e s  l i v i d a n s  s t r a i n s  
TK24 s t r 6 .
TK54 h i s 2 , I e u 2 , s p c l
TK64 p r o 2 , s t r 6  .
S t r e p t o m y c e s  r im o s u s  s t r a i n s  
M4018 OTCR
M 15883 OTCR
R h o d es  e t  a l . , (1 9 8 1 )  
B i n n i e  e t  a l . , (1 9 8 9 )
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TABLE 2 .2  P l a s m id s
PLASMID DESCRIPTION* REFERENCE/SOURCE
pDM130 5 7 3bp  S m a lt -B a n R Is  f r a g m e n t  D o y le  (1 9 8 7 )
fro m  pGLW7 i n  p i J 4 8 6 . 
pGLW7 2 . 6 kb S s t l 2 -B am H l6 f r a g m e n t  I a i n  H u n te r
e n c o d in g  o t r A  i n  p T 7 - l .  
p I J 2 8 4 3  —  C la y to n  a n d  B ib b  (1 9 9 0 )
p I J 4 8 6  —  W ard e t  a l . ,  (1 9 8 6 )
pK 0500   C lo s e  a n d  R o d r iq u e z  (1 9 8 2 )
pPFZ46 6 .0 k b  5 s t l 2 - S s t I i 3  f r a g m e n t  P f i z e r
e n c o d in g  o tc C ,  o t c Z  a n d  o tr A
i n  p P F Z 3 4 .
pPFZ105 5 .5 k b  P s t l s - P s t h s  f r a g m e n t  P f i z e r
i n  p P F Z 3 4 .
pPFZ 513 l .O k b  B e l l s - P s t l s  f r a g m e n t  P f i z e r
i n  pU C 18.
p U C 18 /19  —  Y a n i s c h - P e r r o n  e t  a l . ,  (1 9 8 5 )
pKME805 305 b p  B e l l s - K p n h  f r a g m e n t  C h a p t e r  3
fro m  pPFZ513 i n  pU C18. B e l l s  s i t e  
n e a r e s t  t h e  E co R I  s i t e  i n  t h e  
p o l y l i n k e r .
pKME807 722bp  K p n h  - P s t l s  f r a g m e n t  fro m  C h a p t e r  3
PPFZ513 i n  pU C18. 
pKME808 805 b p  B a i M I s - P s t l s  f r a g m e n t  fro m  C h a p t e r  3
PPFZ513 i n  pU C18. 
pKME917 1 . 6kb S m a lt - S m a ls  f r a g m e n t  f ro m  C h a p t e r  4
pPFZ46 i n  pU C 19. S m a lt  s i t e  
n e a r e s t  t h e  E co R I  s i t e  i n  t h e  
p o l y l i n k e r .
pKMS605 H i n d l l l / E c o R I  i n s e r t  f ro m  pKME805 C h a p t e r  3
i n  p i J 4 8 6 .
pKMS607 t f i n d l l l / E 'c o R I  i n s e r t  f ro m  pKME807 C h a p t e r  3
i n  p i J 4 8 6 .
pKMS608 H i n d l l l / E c o R I  i n s e r t  f ro m  pKME808 C h a p t e r  3
i n  p i J 4 8 6 .
pKMSOCPl 259bp  5au 3 A I f r a g m e n t  c o n t a i n i n g  C h a p t e r  6
o t c C p l / o t c X p l  p r o m o t e r  r e g i o n  i n  
p i J 2 8 4 3 .
* th e  num bering  system  u sed  to  d e s ig n a te  re s tr ic t io n  s ite s  in  th is  th e s is  
is  new an d  is no t th a t  of B u tle r e t  al., (1989)
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TABLE 2 .3  B a c t e r i o p h a g e s
BACTERIOPHAGE DESCRIPTION REFERENCE/SOURCE
M 13m pl8 /19  - -  Y a n i s c h - P e r r o n  e t  a l . , ( 1 9 8 5 )
mL6A 2 .1 k b  SmaI 4 - 9  f r a g m e n t  i n  P f i z e r
M 13m pl8. SmaI 9 s i t e  b e in g  n e a r e s t  
t h e  E coR I s i t e  i n  t h e  p o l y l i n k e r .  
mL6C As mL6A e x c e p t  t h e  S m a lt  s i t e  P f i z e r
i s  n e a r e s t  t h e  E coR I s i t e .  
mKM804 3 8 7 b p  H in c I I -B a n H Ie  f r a g m e n t  f ro m  C h a p t e r  3
pGLW7 i n  M 13m pl8. 
mKM905 3 0 5 b p  B c l l s - K p n h  f r a g m e n t  f ro m  C h a p t e r  4
pPFZ513 i n  M 13m pl9., B e l l s  s i t e  
n e a r e s t  t h e  E co R I  s i t e  i n  t h e  
p o l y l i n k e r .
mKM803/903 2 5 0 b p  P s t l s - S m a l 9  f r a g m e n t  f ro m  C h a p t e r  4
PKME917 i n  M 1 3 m p l8 /1 9 . 
mKM 805/905 H i n d l l l /  E coR I  f r a g m e n t  f ro m  C h a p t e r  4
pKME805 i n  M 1 3 m p l8 /1 9 . 
mKM 807/907 H i n d l l l / E c o R I  f r a g m e n t  f ro m  C h a p t e r  4
pKME807 i n  M 1 3 m p l8 /1 9 . 
mKM 817/917 H i n d l l l / E c o R I  f r a g m e n t  f ro m  C h a p t e r  4
PKME917 i n  M 1 3 m p l8 /1 9 . 
mKM 810/910 9 6 5 b p  S p h h 2 - B s t l i 3 f r a g m e n t  C h a p t e r  6
fro m  pPFZ 105 i n  M 1 3 m p l8 /1 9 . 
mKMX88/98 Sau3A I i n s e r t  f ro m  t h e  p I J 2 8 4 3  C h a p t e r  6
c o n s t r u c t  i n  i s o l a t e  8 , re m o v e d  
a s  H i n d l l l / E c o R I  f r a g m e n t  a n d  
i n s e r t e d  i n t o  M 1 3 m p l8 /1 9 . 
mKMX812/912 <Sau3AI i n s e r t  f ro m  t h e  p I J 2 8 4 3  C h a p t e r  6
c o n s t r u c t  i n  i s o l a t e  1 2 , re m o v e d  
a s  H i n d l l l / E c o R I  f r a g m e n t  a n d  
i n s e r t e d  i n t o  M 1 3 m p l8 /1 9 . 
mKMX815/915 <Sau3AI i n s e r t  fro m  t h e  p I J 2 8 4 3  C h a p t e r  6
c o n s t r u c t  i n  i s o l a t e  1 5 , re m o v e d  
a s  H i n d i I I / E c o R I  f r a g m e n t  a n d  
i n s e r t e d  i n t o  M 1 3 m p l8 /1 9 .
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2.2 MICROBIOLOGICAL TECHNIQUES AND STANDARD MEDIA
Chem icals of good q u a lity  w ere  u se d  in  th e  p re p a ra t io n  of th e  
g ro w th  m edia an d  so lu tio n s; AnalaR g ra d e  w hen availab le . The so u rces  of 
m any of th e  chem icals v a r ie d  d u rin g  th e  c o u rse  of th is  w ork. The m ost 
common su p p lie rs  w ere  BDH Chem icals L td , Poole, D orset; Difco 
L ab o ra to rie s , D etrio t, M ichigan, USA a n d  Sigm a Chemical Co. L td , Poole, 
D orset.
2.2.1 STANDARD MEDIA FOR THE PROPAGATION OF E. COLI
L -B ro th : lOg try p to n e , 5g y e a s t e x tra c t, 5g NaCl, lg  g lucose , 20mg 
thym ine, made u p  to  1 l i t r e  in  d is tilled  w a te r  an d  a d ju s te d  to  pH 7.0 
w ith  NaOH.
L -A gar: As L -B ro th  w ith o u t g lucose  an d  th e  ad d itio n  of 15g.L_1
a g a r .
2Y T-Broth: lOg b a c to - try p to n e , lOg y e a s t e x tra c t, 5g NaCl made u p  
to  1 l i t r e  in  d is tilled  w a te r .
Minimal A gar: 7g K2HPO4, 2g KH2PO4, 4g (NH4)2S04, 0.25M triso d iu m  
c itra te ,  O .lg MgS04.7H20, 17.5g a g a r  made u p  to  1 l i t r e  in  d is tilled
w ater.
Minimal Medium S upp lem ents: g lucose  an d  th iam ine w ere ad d ed  to  
g ive c o n ce n tra tio n s  of 2mg.ml_1 an d  20iig.ml_1, re sp e c tiv e ly .
D avis a n d  Mingbli (D&M) S a lts  (X4): 28g K2HPO4, 8g KH2PO4, 16g 
(NH4)2S04 lg  triso d iu m  c itra te , 0.4g MgS02.7H20, made u p  to  1 l i t r e  w ith  
d is tilled  w ater.
2.2.2 STANDARD MEDIA FOR THE PROPAGATION OF STREPTOMYCES
Em ersons ag a r: p u rc h a se d  a s  a  pow der an d  p re p a re d  a s  d ire c te d  
by  th e  m a n u fa c tu re r  (Difco).
Hopwood’s Minimal Medium (HMM): 0.5g L -a sp a ra g in e , 0.5g K2HPO4, 
0.2g MgS04.7H20, 0.01 FeS04.7H20, lOg g lucose, lOg a g a r , made up  to  1
l i tre  w ith  d is tilled  w a ter.
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L iqu id  Complete Medium (LCM): lOg g lu co se , 5g y e a s t  e x tra c t, 15g 
lactalbum in  h y d ro ly sa te s , 2.8g su c ro se , l g  calcium  ch lo rid e , made up  to  1 
l i t r e  w ith  d is tille d  w ater.
R2 Medium: R2A- 44g a g a r , 0.5g K2SO4, 20.2g MgCl2.6H20, 5.9g
CaCl2.2H20, 20g g lucose, 6g p ro lin e , 0.2g casam ino ac id s , 4ml tra c e
elem ents so lu tion  (Hopwood e t  a l., 1985a), made u p  to  1 l i t r e  in  d is tilled  
w ater. R2B- 11.5g MOPS, lOg y e a s t e x tra c t, 203g su c ro se , a d ju s te d  to  pH
7.4 w ith  NaOH, made up  to  1 l i tre  in  d is tille d  w a ter. E qual volum es of 
R2A (m elted an d  cooled to  55°C) an d  R2B p lu s  1ml of 1% (w /v ) KH2PO4 
w ere com bined p r io r  to  u se .
R9 Medium: R9A- 44g a g a r , 0.5g K2SO4, 8.2g MgCl2.6H20, 4.7g
CaCl2.H20, 4g NaN03, lg  KC1, 0.4g MgS04, 20g g lucose , 0.8g casam ino 
ac id s , 4ml tra c e  elem ents so lu tion  (Hopwood e t  a l., 1985a), 2ml FeS04 (1% 
[w /v ] so lu tion ), made up  to  1 l i t r e ,  in  d is tille d  w a ter. R9B- 11.5g MOPS, 
lOg y e a s t e x tra c t, 410g su c ro se , a d ju s te d  to  pH7.4 w ith  NaOH, made u p  1 
l i t r e  w ith  d is tilled  w ater. Equal volum es of R9A (m elted an d  cooled to  
55°C) an d  R9B w ere mixed w ith  1ml of 1% (w /v ) KH2PO4 p r io r  to  use.
Soya M annitol A gar (SM): 20g m annitol, 20g soya  b ean  flo u r, 16g 
a g a r , made u p  to  1 li tre  u s in g  ta p  w ater.
T ry p to n e  Soya B ro th  (TSB): 30g of Oxoid try p to n e  soya  b ro th  
pow der made u p  to  1 li tre  in  d is tilled  w a ter.
T ru so y a  Medium 1 (TS1): soya  f lo u r , s ta r c h , v eg e tab le  oil,
in o rg an ic  s a lts  an d  MOPS (pH7.5). The ex ac t com position of th is  medium 
can n o t be re v e a le d  as  i t  is  u sed  com m ercially b y  P fize r fo r  s t r a in  
im provem ent.
Y east ex trac t-M alt e x tra c t  (YEME): 3g Difco y e a s t  e x tra c t, 5g Difco 
bacto  p ep to n e , 3g Oxoid malt e x tra c t, lOg g lucose , 340g su c ro se , made u p  
to  1 l i tr e  in  d is tilled  w ater.
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2.2.3 STERILISATION
All g ro w th  m edia w ere  s te r i l is e d  b y  h e a tin g  to  120°C fo r  15 mins 
in  an  au to c lav e . Supp lem en ts a n d  b u f fe r  so lu tio n s  w ere  h e a te d  to  108°C 
an d  CaCl2 to  114°C fo r  10 mins. H eat-lab ile  so lu tio n s , su c h  a s  amino 
ac id s , w ere  s te r iliz ed  b y  f i l tra tio n  th ro u g h  N algene 0.22pm p o re  
m em branes.
2.2.4 PREPARATION OF STREPTOMYCES SPORE SUSPENSIONS
C o n cen tra ted  sp o re  su sp e n s io n s  w ere re q u ire d  fo r  in o cu la tin g  
liq u id  c u ltu re s  of S. liv id a n s  an d  S. rim osus. The p ro to co l d e sc r ib e d  b y  
Hopwood e t  al. (1985a) was followed w ith  m inor m odifications.
P ro ce d u re : S. liv id a n s  an d  S. r im o su s  s t r a in s  u se d  d u r in g  th is  
w ork  sp o ru la te d  excep tionally  well on Soya M annitol (SM) a g a r . A boiling 
tu b e  co n ta in in g  a  s la n t of SM a g a r  (p ro d u ced  b y  p o u rin g  ca. 15ml of 
m olten a g a r  in to  th e  tu b e  an d  allow ing i t  to  so lid ify  w ith  th e  tu b e  he ld  
a  5° from  th e  horizon ta l) w as in o cu la ted  w ith  150pl of a  sp o re  o r  
m ycelial f rag m e n t su sp en sio n  an d  in c u b a te d  a t  30°C. A fte r 4-7  d ay s  th e  
s u rfa c e  of th e  c u ltu re  w as c o v ered  in  a  d a rk  g re y  m ass of sp o re s . The 
s la n t w as th e n  sealed  u s in g  parafilm  a n d  fro ze n  a t  -20°C. S p o res  could  
th e n  be h a rv e s te d  im m ediately o r s to re d  a t  -20°C in d e fin ite ly . The 
sp o re s  w ere  h a rv e s te d  b y  ad d in g  5ml of 20% (v /v )  g ly cero l to  th e  
fro z e n  s la n t an d  ru b b in g  th e  su rfa c e  of th e  s la n t w ith  a  10ml g la ss  
p ip e tte . When th e  su rfa ce  had  b een  s c ra p e d  c lean  of sp o re s , th e  sp o re  
su sp e n s io n  was d ecan ted  in to  a  s te r ile  u n iv e rsa l. The s la n t w as r in s e d  
w ith  an  ad d itio n a l 5ml of 20% (v /v )  g ly cero l to  rem ove a n y  sp o re s  
rem ain ing  from th e  f i r s t  w ash. The sp o re  su sp e n s io n  (ca. 10ml) th u s  
p ro d u c e d  was d a rk  g re y  in  colour. C ontam inating a g a r  o r  m ycelial 
f rag m e n ts  w ere rem oved by  a  s ing le  p a ssa g e  th ro u g h  a  c o tto n  wool 
f i l te r ,  a s  d e sc rib e d  in  Hopwood e t  al. (1985a). The f i l te re d  sp o re  
su sp e n s io n  was th e n  a liq u o ted  an d  fro ze n  a t  -20°C. A liquots w ere  
th aw ed  an d  th o ro u g h ly  mixed u s in g  a  v o rte x , p r io r  to  u se . The t i t r e  of 
th e  sp o re  su sp en sio n  was de term ined  a f te r  s to ra g e  a t  -20°C o v e rn ig h t  
b y  sp re a d in g  o u t se ria l d ilu tio n s  on to  p la te s  co n ta in in g  E m ersons a g a r . 
T itre s  rem ained  stab le  o v e r s ev e ra l m onths. Solid g ro w th  m edia o th e r  
th a n  SM a g a r  w ere conducive  to  sp o ru la tio n . R2 a g a r  w as u sed
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som etim es fo r  S. liv id a n s  s t r a in s  a n d  R9 a g a r  w as u s e d  occasionally  
fo r  S. rim osus  s tra in s .
2.2.5 E. COLI GROWTH CONDITIONS
Liquid  c u ltu re s  of E, coli s t r a in s  from  w hich p lasm ids w ere  to  be 
iso la ted  w ere  g row n in  L b ro th  w ith  th e  a p p ro p r ia te  a n tib io tic  se lec tio n  
(u su a lly  am picillin a t  50iig.ml_1). The volume of b ro th  in o cu la ted  
d ep en d ed  on th e  q u a n tity  of p lasm id re q u ire d . R outinely , 5ml an d  200ml 
c u ltu re s  w ere u sed  fo r small an d  la rg e  scale plasm id p re p a ra t io n s , 
re s p e c tiv e ly  (see sec tion  2.3.1). For th e  p re p a ra t io n  of co m p eten t ce lls , 
liq u id  c u ltu re s  of E. coli DS941 o r  CB51 w ere g row n in  L b ro th  while 
E. coli TGI was grow n in  2YT. To maximise a e ra tio n  of th e  c u ltu re , th e  
volume* of th e  E h rlenm eyer fla sk  w as a t  le a s t  fiv e  tim es th a t  of th e  
b ro th . All c u ltu re s  w ere  in c u b a te d  a t  37°C in  an  o rb ita l  s h a k e r  a t  ca. 
250 rpm . E. coli s t ra in s  w ere a lso  p ro p a g a te d  on L -a g a r  o r  Minimal 
Medium a g a r  p la te s  (con ta in ing  su p p lem en ts) w ith  th e  a p p ro p r ia te  
selec tion . P la tes  con ta in ed  ca. 25ml of a g a r  an d  w ere  in c u b a te d  
o v e rn ig h t a t  37°C.
2.2.6 GROWTH OF STREPTOMYCES MYCELIUM
E hrlenm eyer fla sk s  w ere u sed  fo r  g row ing  liq u id  c u l tu re s  of 
S trep to m y c es . YEME b ro th  was u sed  fo r  g row ing S tr e p to m y c e s  liv id a n s  
s t r a in s  a n d  TSB b ro th  u sed  fo r  grow ing  S tre p to m y c e s  r im o su s  s t ra in s . 
C u ltu re s  re q u ire d  fo r form ation of S. liv id a n s  o r  S. r im o su s  p ro to p la s ts  
also  co n ta in ed  0.5% (w /v) g lycine  an d  5mM MgCk. The volum e of th e  
c u ltu re  d ep en d ed  on th e  fin a l u se  of th e  mycelium. The fo rm ation  of 
p ro to p la s ts  re q u ire d  30 to  50ml of b ro th , while 200ml of b ro th  o r  
m ultip les th e re o f w ere u sed  fo r  plasm id iso lation . R outinely , lOOpl of a  
d en se  sp o re  su sp en sio n  (105-106 sp o re s) w ere  u se d  to  in o cu la te  50ml of 
b ro th . The fla sk  volume was a t  le a s t fiv e  tim es th e  volum e of th e  b ro th  
to  fa c ilita te  good ae ra tio n  w hen in c u b a ted  in  an  o rb ita l s h a k e r  (30°C a t  
ca. 250 rpm ).
2.2.7 QUANTIFICATION OF STREPTOMYCES GROWTH
O ptical d e n s ity  m easurem ents gave  a  poor estim ation  of g ro w th  
due to  th e  form ation of m ycelial p e lle ts  an d  w efts  in  liq u id  c u ltu re s  of
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S trep to m y c es . D ry w e ig h ts  w ere  de term in ed , th e re fo re , a cc o rd in g  to  th e  
m ethod of H arvey  (p e rs . comm.). D uplicate W hatman G lass F ib re  F il te rs  
(GF/C, d iam eter 4.7cm) w ere  num b ered  w ith  a  p en c il a n d  d r ie d  fo r  15 
min in  a  m icrowave oven  (600 W), w hich was s e t  on  re h e a t ,  an d  allow ed 
to  cool to  room te m p e ra tu re  in  a  d e s ic c a to r fo r  30 min. T h e ’w e ig h ts  of 
th e  f i l te r s  w ere re c o rd e d  to  th re e  decim al p laces . C u ltu re  sam ples, 
u su a lly  5ml, w ere  f i l te re d  th ro u g h  th e  GF/C f i l te r s  u s in g  a  M illipore 
s in te re d  g lass  vacuum  f il tra tio n  u n it. The f i l te r s  w ere  th e n  w ashed  b y  
p a ss in g  15ml of dH20 th ro u g h  th e  f il tra tio n  sy stem , d r ie d  in  th e  
m icrow ave, allowed to  cool in  th e  d e s ic c a to r an d  w eighed  a s  b efo re . The 
d ry  w e ig h t (g.Lr1) was de te rm in ed  b y  d e d u c tin g  th e  o rig in a l w e ig h t (g) 
of th e  f i l te r  from  th e  w e ig h t re c o rd e d  a f te r  f i l tra tio n  a n d  th e n  
m ultip ly ing  th is  va lue  b y  th e  d ilu tio n  fa c to r. At le a s t  th r e e  in d e p e n d e n t 
d ry  w e ig h t d e te rm in a tio n s  w ere u se d  to  ca lcu la te  th e  a v e ra g e  va lu e  fo r  
a  p a r t ic u la r  time poin t.
2.2.8 QUANTIFICATION OF OXYTETRACYCLINE IN CULTURE SUPERNATANTS
Sam ples of liqu id  c u ltu re s  (1ml) w ere  e x tra c te d  in to  9ml of HC1 (pH 
1.7) fo r  30min an d  th e n  f i l te re d  th ro u g h  Whatman . N o.l p a p e rs . 1ml 
sam ples w ere th e n  s e n t to  th e  P fize r P ro cess  D evelopm ent L ab o ra to rie s  
a t  Sandw ich an d  q u an tified  by  iso c ra tic , io n -p a ire d , r e v e r s e -p h a s e  h ig h  
p erfo rm an ce  liq u id  ch ro m ato g rap h y  (hplc) u s in g  a  Cis p B ondabank  
column (W aters, Millipore House, H arrow , M iddlesex, UK.) w ith  a  mobile 
p h a se  of a c e to n itr ile /w a te r  (3:7) co n ta in in g  0.5g.L_1 of 1 -h ex an esu lp h o n ic  
acid , a d ju s ted , to  pH 1.7 w ith  su lp h u ric  acid.
2.2.9 ANTIBIOTICS AND INDICATORS
The an tib io tic  co n ce n tra tio n s  u sed  th ro u g h o u t fo r  b o th  liq u id  an d  
' p la te  se lec tion  w ere as  follows:
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DRUG SELECTIVE STOCK SOLUTION STORAGE
CONCENTRATION TEMP
A m p i c i l l i n  5 0 p g . in i" 1 2 0 m g .in i" 1 ( w a t e r )  -2 0 °  C
K a n am y c in  5 - 9 0 0 p g . i n i '1 2 0 m g .in i" 1 ( w a t e r )  -2 0 ° C
T h i o s t r e p t o n  2 5 p g . in i" 1 lO m g .m l" 1 (DMSO) 4°C
S to c k  s o l u t i o n s  w e re  a d d e d  t o  m o l t e n  a g a r ,  w h ic h  h a d  
b e e n  c o o l e d  t o  5 5 °C .
X -gal (5 -b ro m o -4 -ch lo ro -3 -in d o ly l-fl-g a lac to s id a se ) w as u sed  in  
c o n ju n c tio n  w ith  IPTG to  id e n tify  E. coli s t r a in s  CB51, DS941 an d  TGI 
co n ta in in g  pUC o r  M13mp v e c to rs  w ith  in s e r t s  in  th e i r  m ultip le c lon ing  
s ite s . R ecom binants con ta in ing  in s e r ts  a re  g e n e ra lly  w h ite  w hile th o se  
lack in g  in s e r t s  a re  b lue. X -gal w as s to re d  a t  a  c o n ce n tra tio n  of 
20mg.ml'"1 in  dim ethylform am ide (DMF) a t  -20°C w hile IPTG w as s to re d  a t  
a  c o n ce n tra tio n  of 24mg.ml_1 in  dH20 a t  -20°C. X -gal an d  IPTG w ere  
ad d ed  to  L -a g a r  p la te s  to  a  fina l c o n ce n tra tio n  of 20pg.ini"1 an d  50pg.ml~ 
x, re sp e c tiv e ly .
2.2.10 PRESERVATION OF STREPTOMYCES AND E. COLI STRAINS
S tr e p to m y c e s  sp p . w ere p re s e rv e d  b y  f re e z in g  a g a r  s la n ts  co v e red
in  sp o re s  a t  -20°C. The S trep to m y c es  sp p . u se d  in  th is  w ork  rem ain  
v iab le  in d e fin ite ly  u n d e r  th e se  co n d itio n s . Small s la n ts  made in  5ml 
b ijo u s  w ere  u se d  fo r th e  lo n g -te rm  s to ra g e  of s tra in s .  How ever, few  
sp o re s  cou ld  be h a rv e s te d  from  th e s e  s la n ts  an d  i t  w as th e re fo re  
n e c e s sa ry  to  in o cu la te  la rg e  s la n ts  (ca. 15ml) in  o rd e r  to  g e n e ra te  
s u ff ic ie n t sp o re s  fo r  most p u rp o se s . E, coli s t r a in s  w ere  s to re d  in  
g lycero l, an  800pl a liquo t of an  o v e rn ig h t c u ltu re  was mixed w ith  an  
eq u a l volum e of 40% (v /v )  g lycero l, 2% p ep to n e  (w /v ) an d  fro ze n  a t  
-70°C. The s t r a in s  w ere  re v iv e d  by  s c ra p in g  th e  su rfa c e  of th e  fro z e n  
su sp e n s io n  w ith  a  to o th p ick  an d  e i th e r  in o cu la tin g  liq u id  b ro th  o r  
s tre a k in g  onto  a g a r  to  a  iso late  s ing le  colony.
2.2.11 INTRODUCTION OF PLASMID DNA INTO E. COLI
Plasm ids w ere  in tro d u ced  in to  E. coli DS941 an d  CB51 b y  g e n e tic  
tran sfo rm a tio n . CaCl2 tre a tm e n t ro u tin e ly  y ie lded  cells  w ith  a  
tra n sfo rm a tio n  effic iency  of 106-107.pg_1 plasm id.
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P re p a ra tio n  o f co m p eten t cells: An o v e rn ig h t  c u ltu re  of th e
re c ip ie n t s t r a in  w as d ilu te d  1 in  100 in to  30ml L -b ro th  a n d  in c u b a ted  
fo r  90-120 min to  a  d e n s ity  of approx im ate ly  108.ml-1 cells  (OD600
0.45-0.55). The cells  w ere  h a rv e s te d  u s in g  a  c e n tr ifu g e  (12000g, 5 min, 
4°C) a n d  re s u sp e n d e d  in  10ml of ice-co ld  50mM CaClz. The cells  w ere  
p e lle ted  ag a in , re s u sp e n d e d  in  1ml of ice -co ld  50mM CaCl2 an d  k e p t on 
ice fo r  a t  le a s t 15 min b e fo re  u se . At th is  s ta g e  g ly c e ro l could be  
ad d ed  to  th e  cells  to  20% (v /v )  an d  200pl a liq u o ts  f ro z e n  a t  -70°C. The 
cells re ta in e d  th e i r  com petence o v e r s e v e ra l m onths w ith o u t a n y  
s ig n if ic a n t d ec rea se  in  th e i r  tra n sfo rm a tio n  e ffic ien cy .
T ran sfo rm atio n  w ith  plasm id  DNA: 200pl a liq u o ts  o f th e  com peten t 
cells w ere  ad d ed  to  plasm id DNA (1-lOOng) in  a  volum e le ss  th a n  10pl, 
mixed g e n tly  b y  in v e r tin g  th e  m icrofuge tu b e  an d  in c u b a te d  on  ice fo r  
up  to  1 hou r. The cells w ere h e a t-sh o c k e d  (2 min, 42°C) an d  re tu rn e d  
to  ice fo r  a  f u r th e r  15 min. An 800pl a liq u o t of L -b ro th  w as a d d ed  an d  
th e  cell su sp e n sio n  in c u b a ted  a t  37°C fo r  45 min to  allow ex p re ss io n  of 
th e  plasm id re s is ta n c e  g en es . F or am picillin se lec tio n  an  e x p re ss io n  s ta g e  
as  su ch  was n o t re q u ire d . The cells w ere s p re a d  on  L -a g a r  p la te s  
co n ta in in g  th e  a p p ro p r ia te  an tib io tic .
2.2.12 TRANSFECTION OF E. COLI TGI WITH BACTERIOPHAGE M13
A modified v e rs io n  of th e  p ro toco l developed  b y  H anahan (1983) 
was u sed  to  p re p a re  com peten t cells of E. coli TGI fo r  tra n s fe c tio n  w ith  
th e  re p lic a tiv e  form  of M13.
R eagents: TFB; lOmM 2[N -m orpho lino ]e thanesu lphon ic  ac id  (MES) 
b u ffe r  (pH 6.3), lOmM RbCl, 45mM MnCl2.4H20, lOmM CaCl2.2H20, DTT/KAc; 
2.25mM d ith io th re ito l, 40 mM potassium  a ce ta te  (pH 6.0).
P re p a ra tio n  of com peten t cells: An o v e rn ig h t c u ltu re  of E. coli TGI 
grow n in  2YT b ro th  was d ilu ted  1 in  100 in to  30 ml of f r e s h  2YT. The 
c u ltu re  was grow n u n til  th e  OD600 w as betw een  0.45 an d  0.55. The 
c u ltu re  was th e n  t r a n s fe r r e d  to  a  50ml p o ly p ro p y len e  c e n tr ifu g e  tu b e
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(p re - r in s e d  w ith  s te r ile  d is tilled  dH20  an d  p re -c h ille d  on ice) an d  
in c u b a ted  on ice fo r  20 min. The cells w ere  h a rv e s te d  b y  c en tifu g a tio n  
(4000g, 4°C fo r  10 min), re su sp e n d e d  v e ry  g e n tly  in  2.5ml of p re -c h ille d  
TFB an d  in c u b a te d  on ice fo r  15min. The ce lls  w ere  th e n  t r e a te d  w ith  
lOOpl of d im ethy lsu lphox ide  (DMSO) an d  in c u b a te d  fo r  5min on ice. This 
was followed b y  th e  ad d itio n  of lOOpl DTT/KAc a n d  in c u b a tio n  on ice fo r  
a  f u r th e r  5min. The cells w ere re a d y  to  u se  a f te r  ad d in g  a  second  
lOOpl a liq u o t of DMSO an d  in cu b a tin g  on ice fo r  5min.
T ra n s fe c tio n  o f E. coli TGI w ith  b a c te r io p h a g e  M13mp: The
p ro c e d u re  followed th e  plasm id tra n sfo rm a tio n  p ro to co l d e sc r ib e d  above, 
up  to  an d  in c lu d in g  th e  h e a t-sh o c k  s tag e . A fte r th is  s te p , 200iil o f a  
f r e s h  ex p o n en tia l TGI c u ltu re  w ere a d d ed  to  th e  t r a n s fe c te d  ce lls , 
followed b y  10pl of IPTG (24mg.ml_1) an d  50pl X -gal (20mg.ml_1). The 
cells w ere  th e n  mixed an d  ad d ed  to  2.5ml o f m olten w a te r -a g a r  (0.6% 
w /v , p re -co o led  to  45°C), w hich w ere p o u re d  on to  th o ro u g h ly  d r ie d  
minimal medium p la te s  con ta in ing  D & M s a lts , v itam in  B1 (5iig.ml_1) an d  
g lucose (2mg.ml“1) supp lem ents.
2.2.13 INTRODUCTION OF PLASMID DNA INTO STREPTOMYCES
Plasm ids w ere in tro d u ce d  in to  S tre p to m y c e s  sp p . b y  g en e tic  
tra n sfo rm a tio n  u s in g  th e  p o ly e th y len e-g ly co l-m ed ia ted  p ro to co l d e sc r ib e d  
b y  H u n te r (1985).
R eagen ts: T race  elem ent so lu tion; P e r l i t r e ,  40mg ZnCl2, 200mg 
FeCl3.6H20, lOmg CUCI2.2H2O, lOmg MnCl2.4H20, lOmg Na2B407.IOH2O a n d  
lOmg (NH4)6Mo7024.4H20. Medium P; 5.73g N -tr is[H y d ro x y m eth y l]m e th y l-2 - 
am inoethanesu lfon ic  acid  (TES), 103g su c ro se , 2.93g MgCl2.7H20, 0.5g
K2SO4, 3.68g CaCl2.2H20, 2ml tra c e  elem ent so lu tion . A d ju s t to  pH 7.4 
w ith  NaOH an d  made u p  to  1 l i t r e  in  d is tilled  w a ter. Lysozym e so lu tion ; 
10% (w /v) su c ro se , 25mM TES b u ffe r  (pH 7.2), 2.5mM K2SO4, 2ml tra c e  
e lem ents (Hopwood e t  al., 1985a), 2.5mM MgCk, 2.5mM CaCl2. KH2PO4 
(0.005% [w /v ]) an d  lysozym e (0.3mg.ml_1) w ere  a d d ed  im m ediately p r io r  
to  u se . PEG so lu tion ; lg  of p o ly e th y len e  g lyco l 1540 (su p p lied  by  BDH) 
was m elted in  a  microwave (600W) fo r  10s on  th e  re h e a t  s e tt in g  an d  
th e n  mixed w ith  3ml of medium P.
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P re p a ra tio n  of p ro to p la s ts : 30ml c u l tu re s  w ere grow n in  th e
a p p ro p r ia te  medium a t  30°C. The optim al tim e to  h a rv e s t  th e  mycelium in  
o rd e r  to  re c o v e r  th e  m ost com peten t p ro to p la s ts  was s p e c ie s -d e p e n d e n t
i.e. S. liv id a n s  mycelium w ere h a rv e s te d  a f te r  65h r an d  S. r im osus  a f t e r  
48hr, re sp e c tiv e ly . The mycelium w ere  p e lle ted  a t  12000g fo r  10 m inu tes 
an d  w ashed  tw ice in  10.3% (w /v) su c ro se . The p e lle t th e n  re s u s p e n d e d  
in  4ml of lysozym e so lu tion  an d  in c u b a te d  a t  37°C fo r  15-30 min. The 
form ation  of p ro to p la s ts  was m onitored  u s in g  a  m icroscope, th e  re a c tio n  
te rm in a te d  b y  ad d in g  5ml of P medium a n d  th e  p ro to p la s ts  t r i tu r a te d  
tw ice. The p ro to p la s ts  w ere  th e n  f i l te re d  th ro u g h  co tto n  wool 
(Hopwood e t  a l., 1985a), p e lle ted  u s in g  a  c e n tr ifu g e  (12000g fo r  10 
m inu tes) an d  w ashed  tw ice in  P medium. F inally , th e y  w ere  
re s u sp e n d e d  in  4ml of medium P, d isp e n se d  in to  200pl a liq u o ts  a n d  
fro zen  a t  -70°C.
T ran sfo rm atio n  of p ro to p la s ts : The p ro to p la s ts  w ere thaw ed  on  ice. 
DNA w as ad d ed  in  a  volume of le ss  th a n  10pl an d  th e  m ixture  in c u b a te d  
on ice fo r  30s. PEG so lu tion  (400pl) w as a d d ed , th e  so lu tion  in c u b a te d  
fo r  a  f u r th e r  lm in on ice an d  fin a lly , medium P (800pl) w as a d d ed . 
D ilutions of th e  tran sfo rm a tio n  mix w ere  th e n  made in  medium P.
R eg en e ra tio n  of tra n s fo rm e d  p ro to p la s ts :  The m ethod u se d  to
p re p a re  th e  re g e n e ra tio n  medium fo r  th e  p ro to p la s ts  w as s ta n d a rd is e d . 
The medium w as s to re d  in  two p a r ts ,  RA a n d  RB ; th e  fo rm er so lid  a n d  
th e  l a t te r  liqu id . Both p a r ts  w ere p laced  in  a  steam  b a th  u n til th e  RA 
p o rtio n  m elted. The two com ponents w ere  allowed to  cool to  50°C 
b efo re  th e y  w ere com bined an d  1ml of 1%(w/ v )KH2P04 ad d ed . The 
com plete re g e n e ra tio n  medium was mixed b y  sw irling  a n d  th e n  p o u re d  
in to  p e t r i  d ish es  (d iam eter 9cm). On a v e ra g e  8 p la te s  w ere o b ta in ed  from  
200ml of medium. The p la te s  w ere  d r ie d  in  a  lam inar flow hood to  
minimise a ir  b o rn e  contam ination b y  leav in g  th e  lid s  ha lf open  fo r  45min. 
T hey  w ere  th e n  ro ta te d  180°C an d  th e i r  re la tiv e  po sitio n s  re v e r s e d  so 
th a t  th o se  a t  th e  f ro n t  of th e  hood w ere  p laced  a t th e  back . A fte r a  
f u r th e r  45min, th e  p la te s  w ere rem oved an d  le f t  o v e rn ig h t a t  30°C. The 
nex t day , an y  p la te s  w hich show ed a n y  s ig n s  of con tam inating  g ro w th  
w ere  d isc a rd e d  an d  th e  r e s t  u sed  fo r th e  re g e n e ra tio n  of p ro to p la s ts .
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The on ly  d ru g  re s is ta n c e  u se d  in  th is  w ork  fo r  p lasm id  se lec tio n  
in  S tre p to m y c e s  was th io s tre p to n  (ob ta ined  from  E.R. S q u ib b , New
J e r s e y ,  USA). I t  was d isso lv ed  in  DMSO to  make a  1% (w /v ) s to ck
so lu tion . T ransfo rm ed  p ro to p la s ts  w ere  se lec ted  a f te r  16-22 h r s  of n o n -  
se le c tiv e  g ro w th  a t  30°C b y  o v e rla y in g  th e  re g e n e ra tio n  p la te s  w ith  1ml 
of a  220iig.ml_1 th io s tre p to n  so lu tion  in  10.3% (w /v) su c ro se  so lu tion .
S. liv id a n s  p ro to p la s ts  w ere  re g e n e ra te d  on R2 a g a r  p la te s  an d  R9 
p la te s  w ere  u sed  fo r th e  re g e n e ra tio n  of S. r im osus .
2.3 NUCLEIC ACID ISOLATION AND.. MANIPULATION
2.3.1 ISOLATION OF PLASMID DNA FROM E. COLI AND STREPTOMYCES
P ro toco ls b ased  on th e  a lkaline  ly s is  m ethod (B irnboim  a n d  Doly,
1979) w ere  u se d  fo r  th e  iso la tion  of plasm id from  small (5ml) o r  la rg e
(50-200ml) c u ltu re  volum es of b o th  S tre p to m y c e s  sp p  an d  E. coli.
R eagen ts: B irnboim  Doly I  (BDI); 50mM g lucose, 25mM Tris-H C l (pH 
8.0), lOmM EDTA. Lysozyme was a d d ed  im m ediately b e fo re  u se  to  a  f in a l 
c o n c e n tra tio n  of l-4m g.ini”1. B irnboim  Doly II  (BDII); 0.2M NaOH, 1% 
(w /v) SDS w hich was s to re d  in  a  p la s tic  co n ta in e r. B irnboim  Doly I I I
(BDIII); 5M KOAc (pH 4.8); p re p a re d  b y  mixing eq u a l volum es of 3M
CH3COOK an d  2M CH3COOH. Phenol; The pheno l was re d is tille d , b u ffe re d  
a g a in s t  0.5M Tris.HCl (pH 8.0) a n d  co n ta in ed  0.1% (w /v ) 8 -
h y d ro x y  qu inoline. Phenol. Chloroform ; 50 p a r ts  pheno l, 49 p a r t s  
ch loroform , 1 p a r t  isoam yl alcohol. DNAase-free RNAase; P a n c re a tic  
RNAase (RNAase A) was d isso lv ed  a t  a  c o n ce n tra tio n  of lOmg.ml-1 in  
dH20, h ea ted  to  100°C fo r  15min an d  allowed to  cool slow ly to  room 
te m p e ra tu re . The RNAase was th e n  a liq u o ted  an d  s to re d  a t  -20°C.
L arg e  sca le  plasm id p re p a ra tio n s : 200ml c u ltu re s  of s ta t io n a ry
p h ase  cells  w ere h a rv e s te d  u s in g  a  c e n tr ifu g e  (12000g, 5min a t  4°C).
The p e lle t was re su sp e n d e d  in  4ml of B irnboim -Doly I so lu tion . At th is  
s ta g e , S trep to m y c es  p re p a ra t io n s  w ere tr e a te d  w ith  lysozym e. The 
am ount of lysozym e th a t  re s u lte d  in  th e  optimum re c o v e ry  of plasm id
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w as de term in ed  fo r  e ach  s tra in . S, liv id a n s  a n d  S. r im o su s  s tra in s  
w ere in c u b a ted  a t  37°C fo r  20min w ith  4mg.ml_1 a n d  lm g .m H  lysozym e 
so lu tio n s , re sp e c tiv e ly . E. coli c u l tu re s  w ere  in c u b a te d  on  ice fo r  5min. 
T hen 8ml of B irnboim -D oly II so lu tion  w ere  a d d ed  a n d  th e  so lu tion  le f t  
on ice fo r  5-10 min b e fo re  6ml of cold B irnboim -D oly II I  so lu tion  w ere 
ad d ed . The su sp e n s io n  w as mixed g e n tly  an d  le f t  on  ice fo r  15-30 min. 
The cell d e b ris  an d  m ost of th e  chrom osom al DNA w as rem oved b y  
c e n tr ifu g a tio n  (32000g, 5 min a t  4°C). The rem ain ing  nuc le ic  acid  was 
p re c ip ita te d  b y  th e  a d d itio n  of an  eq u a l volum e of iso p ro p an o l an d  th e n  
h a rv e s te d  by  c e n tr ifu g a tio n  ( 39200g, 15 min). The nuc le ic  acid  p e lle t 
w as w ashed  w ith  70% (v /v )  e thano l. The plasm id DNA w as f u r th e r
p u r if ie d  b y  eq u ilib riu m  d e n s ity  c e n tr ifu g a tio n  on a  caesium  
ch lo rid e .e th id iu m  brom ide (CsCl.EtBr) g ra d ie n t. The nuc le ic  ac id  p e lle t 
was re d is so lv e d  in  1 ml of dH20  an d  4.5g of CsCl d isso lv ed  in  3.5ml of 
dH20. The DNA an d  CsCl so lu tio n s  w ere  com bined w ith  250pl of E tBr 
(lOmg.ml-1), c re a tin g  a  so lu tion  w ith  a  d e n s ity  of 1.58g.ini"1. The 
nucleic  acid-C sC l so lu tion  w as sp u n  in  a  Beckm an Ti70 an g led  ro to r  a t  
289,000g fo r 16 h o u rs  a t  20°C. Two b a n d s  w ere v is ib le  in  th e  g ra d ie n ts  
a f te r  c e n tr ifu g a tio n , a  low er su p e rco iled  plasm id b a n d  a n d  an  u p p e r  
chrom osom al an d  re lax ed  plasm id DNA band . The low er ban d  w as 
rem oved u s in g  a  1ml s y r in g e  an d  th e  E tB r rem oved  b y  re p e a te d  
e x tra c tio n s  w ith  w a te r - s a tu ra te d  bu tano l. A fte r d ilu tio n  w ith  3 volum es 
of dH20, 9 volum es of a b so lu te  e th an o l w ere  ad d ed . The p re c ip ita te  was 
p e lle ted  b y  c e n tr ifu g a tio n  (27000g, 4°C fo r  30min). The re s u lt in g  plasm id 
p e lle t w as w ashed  tw ice w ith  70% (v /v )  e th an o l an d  d r ie d  in  vacuo  
b e fo re  being  re d is so lv e d  in  1ml dH20. This p ro c e d u re  y ie ld ed  v e ry  
la rg e  am ounts of p u re  plasm id DNA (up  to  lm g from  E. coli a n d  lOOpg 
from  S trep to m y c es  c u ltu re s )  su itab le  fo r  all in  v itro  m an ipu la tions.
Small sca le  plasm id p re p a ra tio n s : This p ro to co l was u sed  fo r
iso la tin g  plasm ids from  b o th  E. coli an d  S tre p to m y c e s  s p p , w ith o u t 
m odification. R outinely , p lasm ids w ere  iso la ted  from  1.5ml of E. coli 
c u l tu re s  and  3.0ml of S tre p to m y c e s  c u ltu re s  o r  2cm2 p a tc h e s  of m ycelial 
g ro w th  on a g a r  p la te s . The cells w ere p e lle ted  b y  c e n tr ifu g a tio n  in  a 
1.5ml m icrofuge tu b e  (12000g fo r  30s) an d  re s u sp e n d e d  in  100pl of BDI, 
co n ta in in g  lysozym e a t  a  co n ce n tra tio n  of lm g.m l”1, u s in g  a  v o rte x
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mixer. This w as followed b y  th e  ad d itio n  of 200pl of BDII a n d  re p e a te d  
in v e rs io n  of th e  m icrofuge tu b e  to  mix th o ro u g h ly  th e  su sp en sio n . 
Im m ediately a f te rw a rd s , 150iil of p re c h ille d  BDIII w as a d d e d  to  th e  
v isco u s  b a c te r ia l ly sa te , mixed g e n tly  on th e  v o r te x  m ixer a n d  p laced  on 
ice fo r  5-10 min. The cell d e b ris  an d  m ost of th e  chrom osom al m ateria l 
was h a rv e s te d  b y  c e n tr ifu g a tio n  (12000g, 4°C fo r  lOmin) in  a  m icrofuge. 
The s u p e rn a ta n t  w as t r a n s f e r r e d  to  a  f r e s h  tu b e  an d  e x tra c te d  w ith  ha lf 
volum es of phenol.ch loroform  an d  chloroform . The nucleic  ac id  w as th e n  
p re c ip ita te d  b y  th e  ad d itio n  of 2 volum es of e th an o l a n d  allow ed to  
s ta n d  a t  room te m p e ra tu re  fo r  3-5min. The p re c ip ita te  w as h a rv e s te d  b y  
c e n tr ifu g a tio n  in  a  m icrofuge (12000g, 4°C fo r  a t  le a s t  15min). The 
re s u lt in g  p e lle t w as r in s e d  tw ice w ith  70% (v /v )  e th an o l b e fo re  i t  w as 
allow ed to  d ry  b y  leav ing  th e  tu b e  open  on th e  bench . The nucleic  ac id  
was th e n  re su sp e n d e d  in  50pl dH20 co n ta in in g  D N A ase-free RNAase 
(20pg.ml_1). The ty p ic a l y ie ld  of h ig h -c o p y -n u m b e r p lasm ids su c h  a s  pUC 
from  E, coli an d  pIJ486 from  S trep to m y c es  was 2-5pg of plasm id. 
Plasm id p re p a re d  in  th is  w ay could  be u se d  fo r  m ost in  v itro  
m anipu lations.
2.3.2 ISOLATION OF TOTAL RNA
This p ro c e d u re  is  b ased  on th a t  of K irby  e t  al. (1976) w ith  
ex ten s iv e  m odifications by  Covey and  Sm ith ( see  Hopwood e t  a l., 1985a). 
RNAase is  a  v e ry  p e r s is te n t  enzym e an d  p re c a u tio n s  w ere ta k e n  a g a in s t  
con tam ination  of equ ipm ent an d  so lu tions. P r io r  to  u se , a ll g la ssw are  
was in c u b a ted  o v e rn ig h t a t  300°C. D istilled w a te r  w as t r e a te d  w ith  
DEPC (0.1% [v /v ]  of to ta l volume) o v e rn ig h t a n d  h e a te d  to  121°C fo r  
15min in  an  au toclave . All so lu tions w ere  p re p a re d  from  D E P C -treated  
w a te r an d  chem icals re s e rv e d  fo r  RNA w ork.
R eagen ts: Phenol; The pheno l w as re d is til le d , b u ffe re d  a g a in s t
0.5M Tris.HCl (pH 8.0) an d  con ta in ed  0.1% (w /v ) 8 -h y d ro x y q u in o lin e . 
Phenol.C hloroform ; 50 p a r ts  phenol, 49 p a r ts  ch loroform , 1 p a r t  isoam yl 
alcohol. 10X DNAase RQ b u ffe r; 400mM Tris.HCl ( pH 7.9), lOOmM NaCl, 
60mM MgCb. K irby  m ixture; lg  tr i - iso p ro p y ln a p th a le n e  su lp h o n a te , 6g 
4-am ino sa lyc ila te  (Na sa lt) , 50mM Tris-H Cl (pH 8.3), 6ml pheno l, made u p  
to  100ml in  d is tilled  w ater.
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P ro ce d u re : RNA w as iso la ted  a lw ays from  50ml liq u id  c u l tu re s  
grow n in  250ml E hrlenm eyer f la sk s . When th e  c u ltu re  re a c h e d  th e  
a p p ro p r ia te  s ta g e  of g row th , th e  c o n te n ts  w ere  im m ediately d e ca n te d  
in to  a  50ml f la sk  con ta in in g  20ml of dH20, w hich  h ad  b een  fro ze n  a t  
-20°C, ra p id ly  low ering  th e  te m p e ra tu re  to  ca. • 0°C. As m uch of th e  
ch illed  c u ltu re  a s  p o ssib le , in c lu d in g  a n y  re s id u a l ice, w as th e n  
t r a n s f e r r e d  to  an  u n u sed  p o ly p ro p y len e  c e n tifu g e  tu b e . The m ycelium 
w ere th e n  h a rv e s te d  u s in g  a  c e n tr ifu g e  in  a  p re c h ille d  ro to r . The 
p e lle t w as re su sp e n d e d  in  5ml of K irby mix (p rech illed  on ice) co n ta in in g  
12g of 0.45mm diam eter g lass  b ead s  a n d  a g ita te d  th o ro u g h ly  on  a  
v o rte x  m ixer fo r  l-2m in . 5ml of pheno l, ch loroform  (s to re d  a t  room 
te m p e ra tu re )  w ere  th e n  a d d ed  an d  th e  m ix ture  a g ita te d  fo r  a  f u r th e r  
l-2m in . The hom ogenate was th e n  sp u n  in  th e  c e n tifu g e  (9000g, 4°C fo r  
lOmin) to  s e p a ra te  th e  p h ase s . The aq u eo u s  p h a se  w as rem oved, u s in g  a  
b aked  P a s te u r  p ip e tte , to  a  f r e s h  c e n tifu g e  tu b e  co n ta in in g  5ml of 
pheno l.ch lo ro fo rm  and  mixed fo r  lm in on th e  v o rte x  mixer. The p h a se s  
w ere  th e n  s e p a ra te d  a s  befo re . At th is  s ta g e , th e  nucleic  ac id  so lu tio n  
could be s to re d  a t  -70°C w ith o u t an y  d e g ra d a tio n  be in g  d e tec tab le . To 
rem ove DNA from  th e  p re p a ra tio n , th e  RNA cou ld  be p e lle ted  b y  caesium  
ch lo rid e  c e n tr ifu g a tio n  a n d /  o r i t  could  be t r e a te d  w ith  R N A ase-free 
DNAase.
P e lle tin g  th e  RNA th ro u g h  a  d e n se  caesium  ch lo rid e  cu sh io n : 
Homogenate (ca. 3.5ml) from  th e  K irby  ly s is  w as la y e re d  c a re fu lly  on  
top  of a  5.7M CsCl-0.1 EDTA cu sh io n  (1.5ml, d e n s ity  1.707 g.ml"1) in  a  
u l tr a c e n tr ifu g e  tu b e  (5ml, Beckman, Polyallom er™ ). The RNA w as th e n  
p e lle ted  by  c e n tr ifu g a tio n  (35,000rpm, 20°C fo r  16 h o u rs )  u s in g  a
Beckman SW50.1 ro to r . A fter c e n tr ifu g a tio n , th e  s u p e r n a ta n t  w as rem oved  
u s in g  a  b aked  p a s te u r  p ip e tte . The tu b e  w as th e n  in v e r te d  to  d ra in  
aw ay th e  rem ain ing  flu id . U sing a  f r e s h  sca lp e l b lade  to  c u t  th e  
c e n tr ifu g e  tu b e , th e  bottom  was iso la ted  in  th e  form  of a  small cup . The 
p e lle t was d isso lv ed  in  400pl of dH20 an d  e x tra c te d  w ith  half volum es of 
phenol.ch loroform  and  chloroform . The RNA w as p re c ip ita te d  by  th e  
ad d itio n  of 1/50 volume of 5M NaCl an d  two volum es of ab so lu te  e th an o l,
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an d  h a rv e s te d  b y  c e n tr ifu g a tio n  in  a  m icro fuge (12,000g 4°C fo r  lOmin). 
The RNA p e lle t w as w ashed  tw ice w ith  70% (v /v )  e th an o l, d r ie d  in  th e  
open  m icrofuge tu b e  a t  room te m p e ra tu re  a n d  d isso lv ed  in  100-200jil of 
dH20. The RNA c o n ce n tra tio n  was e stim ated  sp ec tro p h o to m etrica lly , 
re p re c ip ita te d  a n d  s to re d  a t  -70°C.
T rea tm en t w ith  DNAase RQ (Prom ega): An a liq u o t of th e  hom ogenate 
from  th e  K irby  ly s is , u su a lly  1ml, w as p re c ip ita te d  b y  th e  ad d itio n  of 
1/50 volum e of 5M NaCl an d  2 volum es of e thano l. The nucleic  acid  w as 
h a rv e s te d  b y  c e n tr ifu g a tio n , w ashed  tw ice w ith  70% (v /v )  e th an o l a n d  
d ried  b y  leav in g  th e  tu b e  open  on th e  ben ch . The nucleic  ac id  was th e n  
re d is so lv e d  in  400pl of IX DNAase RQ b u ffe r , DNAase a d d ed  to  lOOU.ml-1 
and  th e  re a c tio n  m ixture in c u b a ted  a t  37°C fo r  20-30min. The m ix ture  
was th e n  e x tra c te d  w ith  eq u al volum es of phenol, chloroform  a n d  
chloroform . The rem ain ing  nucleic  ac id , in  th e  aq u eo u s  p h a se , w as 
p re c ip ita te d  b y  ad d itio n  of 1/10 volum e of 5M NaCl an d  an  eq u a l 
volume of isop ropano l. A fte r c e n tr ifu g a tio n , th e  p e lle t w as w ashed  in  70% 
(v /v )  EtOH, d r ie d  b rie f ly  an d  re d is so lv e d  in  D E P C -treated  dH20.
2.3.3 QUANTIFICATION OF NUCLEIC ACID
The c o n ce n tra tio n  an d  p u r i ty  of th e  nuc le ic  acid  w as de term in ed  b y  
sp ec tro p h o to m etry ; an  A26O of 1 is e q u iv a le n t to  40pg.ml”1 RNA a n d  
50pg.ml_1 double s tra n d e d  DNA. P u re  p re p a ra t io n s  of RNA an d  DNA h av e  
an  A260/A 28O of 1.8 an d  2.0, re sp e c tiv e ly . C ontam inating p ro te in  o r  
pheno l low ers s ig n ific an tly  th e se  v a lu es .
F or q u a n tita tiv e  S I nuc lease  p ro te c tio n  ex p erim en ts, 25-30pg of 
RNA th a t  had  been  p u rif ie d  b y  CsCl d e n s ity  c e n tr ifu g a tio n  an d  t r e a te d  
w ith  RN A ase-free DNAase was re su sp e n d e d  in  D E P C -treated  dH20. O ptical 
d e n s ity  m easurem ents w ere u sed  to  q u a n tify  th e  am ount of RNA in  5pl 
a liq u o ts  w hich had  been  d ilu ted  to  1ml. The m easu rem en ts  w ere  re p e a te d  
u n til  th re e  co n secu tiv e  ab so rb an ce  v a lu e s  a g re e d  to  w ith in  10.002 
(approx im ately  O.lpg).
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2.3.4 PRECIPITATION OF NUCLEIC ACID USING ETHANOL OR ISOPROPANOL
DNA so lu tio n s  w ere  p re c ip ita te d  b y  th e  ad d itio n  of 1/50 volume of 
5M NaCl an d  2 volum es of cold e th an o l o r  a n  eq u a l volum e of 
isop ropano l. A fte r m ixing, th e  DNA w as p e lle ted  b y  c e n tr ifu g a tio n  
(27000g, 30 min, 4°C fo r  volum es of 7.5-20ml o r  12000g, 15 min, 4°C fo r  
small volum es in  m icrofuge tu b e s ) . The p e lle t w as w ashed  in  70% (v /v )  
e th an o l a n d  d rie d  b r ie f ly  in  a  vacuum  d e s ic c a to r  o r  in  an  open  tu b e  on 
th e  ben ch .
2.3.5 DIGESTION OF DNA WITH RESTRICTION ENDONUCLEASES
D igestion of DNA w as p erfo rm ed  u su a lly  in  a  to ta l volum e of 20pl 
co n ta in in g  0.25-l.O pg of DNA an d  1-10 u n its  of re s tr ic t io n  en d o n u clease  
pg_1 DNA in  th e  a p p ro p r ia te  b u ffe r  (p ro v id ed  b y  BRL th e  main enzym e 
su p p lie r) . F or th e  d ig e stio n  of la rg e r  am ounts of DNA, th e  volum es 
w ere  sca led  u p  acco rd in g ly . The re a c tio n s  w ere  allow ed to  p ro ceed  fo r  
1 to  2 h o u rs  a t  th e  a p p ro p r ia te  te m p e ra tu re . R eactions w ere s to p p ed  
e ith e r  b y  th e  ad d itio n  of gel loading  b u f fe r  o r  b y  ra p id  h e a tin g  to  70°C 
fo r  5 min, followed b y  cooling on ice.
2.3.6 LIGATION OF DNA FRAGMENTS
The liga tion  of DNA frag m en ts  w as c a r r ie d  o u t u su a lly  a t  a  DNA 
c o n ce n tra tio n  of 6mg.ml_1. The molar ra tio  of in s e r t  frag m e n t to  v e c to r  
was 2:1, w hen th e  v e c to r  could n o t lig a te  to  its e lf , b u t  on ly  w ith  th e  
in s e r t  frag m en t. A m olar ra tio  of 10:1 w as u se d  w hen th e  e n d s  of th e  
v e c to r  cou ld  lig a te  to  each  o th e r. L igations w ere  p e rfo rm ed  u su a lly  in  
20pl of 1 X BRL lig a tio n  b u ffe r , co n ta in in g  1U of T4 lig ase  pg"1 of DNA. 
The re a c tio n s  w ere  in c u b a ted  fo r 4 h o u rs  a t  room te m p e ra tu re  o r  
o v e rn ig h t a t  16°C.
2.3.7 REMOVAL OF THE 5’ PHOSPHATE FROM LINEARISED DNA
10X CiP B uffer: 200mM Tris.HCl (pH 8.0), lOmM MgCk, lOmM ZnCl2 
an d  0.5mg.ml_1 Bovine Serum  Albumin.
P ro ced u re : Calf In te s tin a l A lkaline p h o sp h a te  (CIP) w as u sed  to  
rem ove th e  5* p h o sp h a te  from DNA. A round 5 pm oles of 5’- te rm in a l 
p h o sp h o ry la ted  DNA w ith  5’ p ro tru d in g  e n d s  ( app rox im ate ly  7pg of a
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5kb molecule) w ere  in c u b a te d  in  IX CIP b u f fe r ,  co n ta in in g  0.1U of CIP a t  
37°C fo r  30min. The re a c tio n  w as te rm in a te d  b y  h e a tin g  to  65°C in  IX 
gel load ing  b u ffe r  fo r  lOmin. The 5*-term inal d e p h o sp h o ry la te d  DNA w as 
re c o v e re d  from  an  a g a ro se  gel a f te r  e le c tro p h o re s is .
2.3.8 REMOVAL OF PROTEIN FROM NUCLEIC ACID SOLUTIONS USING 
ORGANIC SOLVENTS
R eag en ts: Phenol; All pheno l u se d  in  th e  p u rif ic a tio n  of DNA o r  
RNA w as re d is tille d , b u ffe re d  a g a in s t  500mM Tris.HCl (pH 8.0) a n d  
co n ta in ed  0.1% (w /v) 8 - h y d ro x y  quino line. PhenoL Chloroform ; 50 p a r ts
pheno l, 49 p a r t s  chloroform , 1 p a r t  isoam yl alcohol.
P ro ce d u re : P ro te in s  w ere rem oved from  nucleic  ac id  so lu tio n s  b y  
e x tra c tin g  f i r s t  w ith  pheno l.ch lo ro fo rm  a n d  th e n  chloroform . 1 /2 volum es 
of th e  so lv en ts  w ere a d d ed  to  th e  nucleic  ac id  so lu tion , mixed u s in g  a  
v o rte x  m ixer an d  th e  p h a se s  s e p a ra te d  b y  c e n tr ifu g a tio n  (1200g fo r  
3min). P ro te in s  w ere re ta in e d  in  th e  o rg a n ic  p h ase . S u b se q u en tly , 
p re c ip ita tio n  w ith  isop ro p an o l o r  e th an o l rem oved a n y  so lv en t in  th e  
aq u eo u s  p h ase .
2.3.9 PREPARATION OF RADIO-LABELLED PROBES
2.3.9.1 RANDOM PRIMED DNA LABELLING METHOD
L abelling  of DNA frag m e n ts  w ith  32P followed th e  p ro c e d u re  of 
F e in b e rg  an d  V ogelstein  (1983 an d  1984) u s in g  a  B o eh rin g er M annheim 
Multiprime™  k it. The labelling  re a c tio n  w as s e t  u p  in  th e  follow ing 
way:
25-50ng of d e n a tu re d  DNA frag m en t in  a  volum e le ss  th a n  lOpl 
(d e n a tu re d  b y  h ea tin g  fo r  lOmin a t  95°C w ith  s u b se q u e n t 
cooling on ice), 
lp l of each  un labelled  dNTP, from  0.5mM s to ck s .
2pl of re a c tio n  m ixture (con ta in ing  hex an u c leo tid e  mix an d  
10X c o n c e n tra te d  reac tio n  b u ffe r) .
5pl (50pCi) of [a-32P] dCTP (3000 Ci.mmoH). 
lp l (2U) of Klenow enzym e.
Made u p  to  20pl to ta l volume w ith  dH20.
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The re a c tio n  m ixture w as in c u b a te d  a t  37°C fo r 30 m inu tes , a n d  
s to p p ed  b y  h ea tin g  to  65°C fo r  10 m inu tes. The labelled  DNA frag m e n ts  
(and  tem p la te  DNA) w ere p u r if ie d  from  th e  u n in c o rp o ra te d  dNTP’s b y  
Sephadex-G 50 column ch ro m ato g rap h y .
2.3.9.2 5’-END LABELLING OF OLIGONUCLEOTIDES
O ligonucleotide p ro b es  w ere lab e lled  a t  th e i r  5’ te rm in a l e n d s  u s in g  T4 
p o ly n u c leo tid e  k in ase  an d  [x -32P]ATP.
R eag en ts: 10 X K inase B uffer; 500mM Tris-H Cl (pH 7.5), lOOmM MgCl2, 
50mM d ith io th re ito l, ImM sperm id ine , ImM EDTA. S to red  a t  -20°C. 
R e a c t i o n  m i x t u r e :
V olum e, ( p i )
10X K in a s e  b u f f e r  1
50ng  o f  o l i g o n u c l e o t i d e  3
5 0 p C i o f [ x - 3 2 P ]  ATP ( 3 0 0 0 C i . m m ol"1 ) 5
T4 P o l y n u c l e o t i d e  k i n a s e  (10U ) 1
The re a c tio n  was in cu b a ted  a t  37°C fo r  30min. The u n in c o rp o ra te d  ATP 
was rem oved b y  Sephadex G50 colum n ch ro m ato g rap h y .
2.3.9.3 SEPHADEX G50 COLUMN CHROMATOGRAPHY
A fter th e  labelling  re a c tio n s  h ad  b een  com pleted , 5pl of d e x tra n  b lu e  
(50mg.ml_1) an d  5p.l of pheno l re d  (50mg.ini"1) w ere  a d d ed  to  th e  
re a c tio n  m ixture . The sam ples w ere  th e n  loaded  onto  Sephadex-G 50 (20 
x 0.5cm dim ension g ra v ity  colum n), w hich  h ad  b een  p re -e q u il ib r ia te d  
w ith  column b u ffe r  (lOOmM NaCl, lOmM Tris.HCl (pH 7.5) ImM EDTA). 
F rac tio n s  of approx im ately  500pl w ere co llected . The d e x tra n  b lue  co­
e lu ted  w ith  th e  DNA frag m en ts  an d  all o th e r  a liq u o ts  w ere d isc a rd e d . 
The labelled  DNA sample was boiled fo r  5min p r io r  to  u se .
2.3.10 AGAROSE GEL ELECTROPHORESIS
Both DNA an d  RNA w ere v isu a lized  on  h o rizo n ta l n e u tra l  a g a ro se  g e ls. 
A lthough 0.8% (w /v) ge ls w ere m ost commonly u sed , 1-2% (w /v ) g e ls  
w ere  occasionally  u sed  to  s e p a ra te  frag m e n ts  of <1.5kb. Gels w ere
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ro u tin e ly  p re p a re d  a n d  r u n  in  TBE b u ffe r , how ever, TAE b u ffe r  w as 
u sed  w hen DNA frag m e n ts  w ere  to  be  iso la ted  from  th e  gels (see 
sec tio n  2*3.12).
B u ffe rs : 10X TBE B u ffe r (pH 8.3); 109g T ris , 55g b o ric  acid , 9.3g 
Na2EDTA.2H20 made u p  to  1 l i t r e  in  d is tilled  w a te r , pH sh o u ld  be ca. 8.3. 
10X TAE B u ffe r pH 8.2; 48.4g T ris , 16.4g Na a ce ta te , 3.6g Na2EDTA.2H20, 
made u p  to  1 l i t r e  in  d is tilled  w a te r , pH a d ju s te d  to  8.2 w ith  g lacial 
ace tic  acid . 5X A garose g e l load ing  (AGL) b u f f e r  (pH 7.4); 0.025% (w /v ) 
b rom ophenol b lue , 0.025% (w /v) xy lene  cyanol, 25% (w /v ) ficoH, 0.5% 
(w /v ) SDS, 50mM EDTA.
2.3.10.1 MINI GELS
BRL model H6 gel k its  w ere u sed  fo r  th e  ra p id  a n a ly s is  of DNA a f te r  
d ig e stio n  w ith  r e s tr ic t io n  enzym es o r  p re c ip ita tio n  s te p s . 0.16g a g a ro se  
w as a d d ed  to  20ml of IX TBE (TAE), boiled  th e n  cooled to  60°C. E tBr w as 
a d d ed  to  200ng.ml_1 a n d  th e  m olten a g a ro se  p o u re d  in to  a  7.6cm X 
5.1cm gel c a s te r  w ith  an  8 well s lo t fo rm er (4.1 X 0.8mm w ells). A fte r 
th e  gel h ad  se t, th e  s lo t fo rm er was rem oved a n d  th e  ge l p laced  in  th e  
ta n k  w ith  500ml of IX TBE (TAE). D epending  on th e  tim e availab le  an d  
th e  lev e l of re so lu tio n  re q u ire d  th e  DNA w as s e p a ra te d  b y  
e le c tro p h o re s is  fo r  30-45min w ith  an  ap p lied  vo ltag e  of 2-lOV.cm-1. The 
s e p a ra te d  DNA m olecules w ere v isu a lise d  on a  302nm UV tra n s illu m in a to r .
2.3.10.2 LARGE GELS
200ml gels w ere  also u sed  to  e n su re  good se p a ra tio n  of DNA frag m e n ts  
fo r  a c c u ra te  s iz ing  a n d /o r  S o u th e rn  an a ly s is . T hey w ere  made b y  
p o u rin g  200ml of molten a g a r  co n ta in in g  200pg EtBr, in to  a  16.5 X 23cm 
gel fo rm er w ith  a  20 sp ace  s lo t form er. The g e ls  w ere  r u n  o v e rn ig h t a t  
20V in  IX TAE o r  TBE b u ffe r  in  gel ta n k s  w ith  a  c ap a c ity  of 3 li tr e s .
DNA sam ples w ere mixed w ith  1/5 volum e of 5X AGL b u ffe r , h e a te d  to  
70°C fo r  2min an d  cooled on ice be fo re  load ing  on to  th e  gel.
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2.3.10.3 PHOTOGRAPHY OF RESOLVED NUCLEIC ACIDS
Gels s ta in e d  w ith  e th id ium  brom ide w ere  v iew ed on a  302nm UV 
tra n s illu m in a to r an d  p h o to g ra p h e d  u s in g  Po laro id  ty p e  67 lan d  film o r 
u s in g  a  Pen tax  35mm SLR loaded  w ith  I lfo rd  HP5 film. B oth cam eras 
w ere f i t te d  w ith  Kodak W ratten  f i l te r s  (No. 23A).
2.3.11 DENATURING POLYACRYLAMIDE GEL ELECTROPHORESIS
A BRL seq u en c in g  u n it  (Model S2) w as u se d  fo r  h ig h  vo ltag e  
po lyacry lam ide  gel e lec tro p h o re s is .
R eagen ts: 5X S eq u en cin g  ge l load in g  b u f f e r  (pH 8.2); 0.1% (w /v ) 
brom ophenol b lue , 0.1% (w /v ) xy lene  cyanol, lOmM Na2EDTA, 95% (v /v )  
form am ide (de-ion ized  w ith  a  m ixed-bed  re s in ) . 40% A crylam ide s to ck  
so lu tion ; 76g acry lam ide (BDH. E lec tran  G rade) an d  4g b isacry lam ide. 
D issolved in  dH20 w ith  s t i r r in g ,  b ro u g h t to  a  fin a l volum e of 200ml, 
f i l te re d  th ro u g h  3MM p a p e r  an d  s to re d  a t  4°C.
P re p a ra tio n  o f po lyacry lam ide  gels: 6% (w /v ) d e n a tu r in g
po lyacry lam ide  gels w ere u se d  fo r seq u e n c in g  an d  s in g le -s tra n d e d  
p ro b e  iso la tion . The g e ls  w ere p re p a re d  from  th e  following s to ck  
so lu tions:
40% (w /v )  a c r y l a m i d e  s t o c k  15m l
u r e a  55g
10X TBE 10m l
dH2 0  35m l
c a .  1 0 0 m l.
The u re a  was d isso lv ed  b y  h e a tin g  th e  mix to  37°C an d  th e n  
cooled to  room te m p e ra tu re  The seq u en c in g  gel so lu tio n  could  be s to re d  
a t  4°C fo r  se v e ra l w eeks w ithou t loss  of re so lu tio n . B efore p o u rin g  th e  
gel, 300pil of f re sh ly  p re p a re d  10% (w /v) Ammonium p e rs u lp h a te  a n d  
50pl of TEMED w ere ad d ed  to  50ml of th e  s to ck  so lu tion .
P re p a ra tio n  of g la ss  p la te s  an d  p o u rin g  th e  gel: The p la te s  (40cm
X 33cm) w ere cleaned  th o ro u g h ly  w ith  alcohol an d  w a te r an d  assem bled  
u s in g  th re e  sp ac e rs  (0.4mm th ick ) along th e  v e r tic a l  s id es  an d  th e
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bottom  of th e  gel. The e n tire  assem bly  w as he ld  in  p lace  b y  clam ps. The 
gel so lu tio n  w as p o u re d  from  a  b e a k e r  down one ed g e  of th e  p la te s  
while ti l t in g  th e  p la te s  a t  an  an g le  of a b o u t 30°. The p la te s  w ere th e n  
laid  a t  a n  an g le  of 5° an d  th e  s h a rk s  to o th  com bs in s e r te d . The gel 
polym erized  u su a lly  w ith in  30min a t  room te m p e ra tu re . . ’
E lec tro p h o re s is  o f seq u en c in g  g e ls: The gel w as p r e -
e le c tro p h o re se d  fo r  30min a t  a  c o n s ta n t pow er of 60W. P r io r  to  load ing , 
th e  sam ples co n ta in in g  seq u en c in g  load in g  b u f f e r  w ere  h e a te d  to  95°C 
fo r  5 m ins, p laced  on ice an d  loaded  on to  th e  gel. 6% (w /v) g e ls  w ere 
ru n  fo r  1 .75 -2h rs  to  re a d  th e  f i r s t  100 n u c leo tid es  a n d  fo r  4 .5 -5 h rs  to  
re a d  u p  to  400 nu c leo tid es .
2.3.12 RECOVERY OF DNA FROM AGAROSE GELS
DNA frag m e n ts  w ere re c o v e re d  from  TAE a g a ro se  gels u s in g  
GeneClean™ a n d  e lec tro -e lu tio n . The GeneClean™  k it  (p u rc h a se d  from  
S tra te c h  S cien tific  L td) was u se d  fo r re c o v e r in g  DNA in  th e  size  ra n g e  
l-7 k b . Sm aller frag m e n ts  w ere n o t re c o v e re d  e ffic ie n tly  from  th e  g la ss  
b ead s  a n d  w ere iso la ted , th e re fo re , b y  e lec tro -e lu tio n . TBE g e ls  w ere  
avo ided  a s  th e  b o ra te  ion s ig n if ic a n tly  re d u c e s  th e  am ount of DNA 
re c o v e re d  u s in g  GeneClean™ an d  can  in flu en ce  some enzym e re a c tio n s  
su ch  a s  ligation .
2.3.12.1 GENECLEAN™ .
The TAE a g a ro se  gel was p laced  on a  302nm UV tra n s illu m in a to r 
an d  a  small block (<0.2cm3) of a g a ro se  co n ta in in g  th e  DNA frag m e n ts  o f 
in te r e s t  excised  u s in g  a  scalpel. The a g a ro se  block w as frag m en ted  a n d
2.5 volum es of Nal so lu tion  w ere ad d ed . The su sp e n s io n  w as in c u b a te d  
a t  55°C fo r 5 m inutes o r  u n til th e  a g a ro se  had  d isso lv ed  com pletely . 
5pl of "g lassm ilk" was ad d ed  to  th e  so lu tio n , w hich w as mixed ra p id ly  
on a  v o rte x  mixer and  p laced  on ice fo r  5min. The g la ss  b ead s  w ith  th e  
DNA b o u n d  w ere p e lle ted  by  c e n tr ifu g a tio n  (5 seco n d s in  a  m icrofuge) 
an d  th e  s u p e rn a ta n t  d isca rd ed . The g la ss  b ead s  w ere  w ashed  th re e  
tim es in  ice-co ld  NEW so lu tion  (500iil), each  tim e a g ita tin g  th e  su sp e n s io n  
u s in g  a  v o rtex  mixer an d  reco v e rin g  th e  b ead s  by  c e n tr ifu g a tio n . A fte r 
th e  fin a l w ash, c a re  was ta k en  to  rem ove all t r a c e s  of NEW so lu tion .
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The DNA w as re c o v e re d  from  th e  g la ss  b ead s  b y  a d d in g  20pl of dH20 
an d  in c u b a tin g  a t  55°C fo r 5min. The g la ss  b ead s  w ere  p e lle ted  b y  
c e n tr ifu g a tio n  (12000g fo r  30s in  a  m icrofuge) an d  th e  s u p e rn a ta n t  
re ta in e d . T his f in a l s te p  was re p e a te d  u s in g  a n o th e r  20pl of dH20 an d  
th e  DNA so lu tio n s  com bined. The ex ac t com position of th e  Nal, 
Glassmilk an d  NEW so lu tions w ere  n o t d isc lo sed  b y  th e  m a n u fa c tu re rs  
(Bio 101).
2.3.12.2 ELECTRO-ELUTION
The TAE ag a ro se  gel was p laced  on a  302nm UV tra n s illu m in a to r  
an d  a  t ro u g h  m easu ring  0.5cm w ide (th e  le n g th  an d  d e p th  w as 
d e te rm in ed  b y  th e  le n g th  of s lo t an d  th ic k n e s s  of gel re sp e c tiv e ly )  w as 
excised  from  th e  TAE a g a ro se  gel im m ediately in  f r o n t  (w ith  r e s p e c t  to  
d ire c tio n  of m igration) of th e  DNA frag m e n ts  of in te re s t .  The d is ta l ed g e  
of th e  tro u g h  (w ith r e s p e c t  to  th e  DNA) was lin ed  w ith  d ia ly s is  tu b in g  
(p r e - t r e a te d  b y  boiling in  2% (w /v ) sodium  b ic a rb o n a te , ImM EDTA) an d  
e le c tro p h o re s is  co n tin u ed  u n til  th e  d e s ire d  DNA had  e lu te d  from  th e  
a g a ro se  an d  m ig ra ted  a c ro ss  th e  t ro u g h  to  be held  b y  th e  d ia ly s is  
tu b in g . The p o la r ity  of th e  c u r r e n t  w as th e n  r e v e r s e d  m om entarily  
be fo re  be in g  sw itched  off and  th e  DNA w as rem oved from  th e  su rfa c e  of 
th e  d ia ly s is  tu b in g  u s in g  a  p ip e tte . The re c o v e re d  DNA w as th e n  
e x tra c te d  w ith  phenol.ch loroform  an d  ch loroform  an d  p re c ip ita te d  w ith  
e thano l. To re c o v e r  re la tiv e ly  undam aged  DNA, a g a ro se  gel 
e le c tro p h o re s is  was perfo rm ed  in  th e  a b se n c e  of EtBr. The m ig ration  of 
th e  DNA w as m onitored b y  rem oving a  small " re fe re n c e ” s t r ip  of a g a ro se  
co n ta in in g  DNA s ta n d a rd s  and  s ta in in g  i t  in  EtBr.
2.3.13 ISOLATION OF DNA FROM POLYACRYLAMIDE GELS
The following p ro c e d u re , w hich is  a  m odification of th e  te c h n iq u e  
d e sc r ib e d  by  Maxam an d  G ilbert (1971), w as u se d  to  iso la te  ra d io a c tiv e  
p ro b e s  fo r  m apping th e  5’-te rm in i of RNA tr a n s c r ip ts .
R eagen ts: E lution b u ffe r ; 500mM ammonium a c e ta te , lOmM
m agnesium  a ce ta te , ImM EDTA (pH 8.0), 10% (w /v ) SDS.
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C ru sh  a n d  Soak m ethod: The DNA frag m e n t to  be iso la ted  w as 
re so lv ed  on  a  d e n a tu r in g  6 % (w /v ) p o ly acry lam id e .u rea  gel an d  lo ca ted  
by  a u to ra d io g ra p h y . A sec tio n  of th e  ge l co n ta in in g  th e  frag m e n t of 
in te r e s t  w as rem oved  u s in g  a  sca lp e l b lade  a n d  t r a n s f e r r e d  to  a  
m icrofuge tu b e . U sing a  d isp o sab le  p la s tic  p ip e tte  t ip , th e  ge l slice  w as 
c ru s h e d  a g a in s t  th e  wall of th e  tu b e . The p ro b e  w as e lu te d  b y  a d d in g  
6 OO11I of e lu tio n  b u ffe r  an d  in c u b a ted  a t  37°C in  an  orb ited  s h a k e r  
(co n ta ined  w ith in  a  lead  p ig) o v e rn ig h t. F rag m en ts  of acry lam ide  w ere  
rem oved u s in g  c e n tr ifu g a tio n  to  fo rce  th e  e lu ta n t th ro u g h  a  s y r in g e  
b a r re l  p ack ed  w ith  silicon ised  g la ss  wool . The sy r in g e  w as w ash ed  w ith  
2 0 0 jil o f f r e s h  e lu tio n  b u ffe r  an d  th e  e lu ta n t  an d  w ash in g s  com bined. 
The e lu ta n t  w as e x tra c te d  tw ice w ith  pheno l.ch lo ro fo rm  an d  tw ice w ith  
chloroform . The p ro b e  w as th e n  p re c ip ita te d  b y  ad d in g  2 volum es of 
e th an o l a n d  h a rv e s te d  b y  c e n tr ifu g a tio n  in  a  m icrofuge (12000g a t  4°C 
fo r  30min). From th is  s tag e  o n w ard s  RNAase f re e  so lu tio n s  an d  
d isp o sab le s  w ere u sed . The p e lle t of s in g le -s tra n d e d  p ro b e  w as r in s e d  
once w ith  70% (v /v )  e th an o l an d  re d is so lv e d  in  200iil D E P C -treated  dH2 0 .
2.3.14 TRANSFER OF DNA FROM E. COLI COLONIES TO AMERSHAM 
HYBOND-N™ MEMBRANES
R eagen ts: 20X SSC; 3M NaCl, 0.3M T ri-sod ium  c itra te . D e n a tu rin g
so lu tion ; 1.5M NaCl, 0.5M NaOH. N eu tra lis in g  so lu tion ; 1.5M NaCl, 0.5M 
Tris.HCl (pH 7.2), ImM EDTA.
P ro ced u re : A Hybond-N™  m em brane w as c u t to  th e  c o r r e c t  size  
an d  p laced  on to  th e  su rfa c e  of a  L -a g a r  p la te  co n ta in in g  th e  a p p ro p r ia te  
an tib io tic . The E. coli c lones to  be sc re e n e d  w ere  s tre a k e d  o u t on to p  of 
th e  m em brane an d  th e  p la te  in c u b a ted  a t  37°C o v e rn ig h t. The m em brane 
was th e n  rem oved an d  p laced , colony s id e  u p , on a  p ad  of a b s o rb e n t  
f i l te r  p a p e r  soaked  in  d e n a tu r in g  so lu tion  a n d  le f t fo r  7min. Next th e  
m em brane was t r a n s f e r r e d  to  a  pad  of f i l te r  p a p e r  so aked  in  
n e u tra lis in g  so lu tion  an d  le f t fo r  3min. T his s te p  was th e n  re p e a te d , 
w ith  a  f r e s h  p ad  soaked  in  n e u tra lis in g  so lu tion . The m em brane w as 
w ashed  in  2X SSC, t r a n s f e r r e d  to  d ry  f i l te r  p a p e r  an d  a ir  d r ie d , co lony 
s ide  up . F inally , th e  sam ples w ere fixed  to  th e  m em brane b y  b ak in g  in  
a n  oven  a t  80°C fo r 2 h o u rs .
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2.3.15 SOUTHERN ANALYSIS
S o u th e rn  an a ly s is  was c a r r ie d  o u t b y  a  m ethod a d a p te d  from  
S o u th e rn  (1975), an d  d e sc r ib e d  in  "B lo tting  an d  h y b rid iz a tio n  p ro to co ls  
fo r  Hybond-N™  m em branes" p u b lish e d  b y  Amersham In te rn a tio n a l pic.
2.3.15.1 CAPILLARY TRANSFER
A fte r e le c tro p h o re s is  a n d  p h o to g ra p h y , th e  re so lv ed  DNA 
frag m e n ts  w ere t r a n s f e r r e d  u n d e r  a lkali co n d itio n s  to  Hybond-N™ .
R eagen ts: D en atu rin g  so lu tion ; 1.5M NaCl, 0.5M NaOH. Alkali
t r a n s f e r  b u ffe r ;  0.25M NaOH, 1.5M NaCl. 20X SSC; 3m NaCl 0.3M t r i ­
sodium  c itra te .
P ro ced u re : The gel was r in s e d  in  d is tilled  w a te r , p laced  in  en o u g h  
d e n a tu r in g  so lu tion  to  im m erse i t  com pletely  a n d  le f t  fo r  30min. The gel 
w as rem oved, excess liq u id  rem oved b y  b lo ttin g  an d  e q u ilib r ia te d  fo r  10- 
15min in  a lkaline t r a n s f e r  b u ffe r . The DNA w as th e n  t r a n s f e r r e d  to  th e  
ny lon  m em brane in  a lkali b u ffe r , b y  c a p illa ry  ac tio n  (d isp o sab le  n ap p ies  
p ro v e d  a  p a r tic u la r ly  u se fu l a b s o rb e n t m ateria l fo r  d r iv in g  th e  t r a n s f e r  
p ro c e ss ) . A fte r b lo ttin g  fo r  a  le a s t  4 h o u rs (b u t  u su a lly  o v e rn ig h t) , th e
m em brane was w ashed  b rie fly  in  2X SSC to  rem ove a n y  a d h e r in g
ag aro se .
2.3.15.2 AQUEOUS PREHYBRIDIZATION AND HYBRIDIZATION CONDITIONS 
The p ro c e d u re s  w hich follow w ere su ita b le  fo r  DNA imm obilised on
f i l te r s  from  colony lif ts  an d  S o u th e rn  t r a n s f e r .
2.3.15.2(a) HYBRIDIZATION USING RANDOM PRIMED PROBES.
R eagen ts: 100X D en h ard ts  so lu tion ; lOg ficoll, lOg
p o ly v in y lp y ro lid o n e , lOg bovine serum  album in. Made u p  to  500ml w ith  
dH20. 20X SSC; 3M NaCl, 0.3M tr i-so d iu m  c itra te .
P re h y b rid iz a tio n  a n d  h y b rid iz a tio n  co n d itio n s: The p r e ­
h y b rid iza tio n  and  h y b rid iza tio n  so lu tio n s  u se d  in  th is  w ork  fo r th e
p ro b in g  of homologous seq u en ces  co n ta in ed  5X D en h ard ts  so lu tio n , IX 
SSC, 0.5% (w /v) SDS (Sigma, M olecular Biology G rade) an d  lOOug.ml"1
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sh e a re d  an d  d e n a tu re d  Salmon sperm  DNA. The volum e of th e  
h y b rid iz a tio n  so lu tio n s  d e p en d ed  on  th e  size  of th e  f i l te r s ;  200pl w ere  
a d d ed  fo r  e v e ry  cm2 of m em brane. The so lu tio n s  w ere  f i l te re d  th ro u g h  
0.4pm Nalgene m em branes p r io r  to  th e  ad d itio n  of Salmon sp erm  DNA an d  
random  prim ed p ro b e  (50ng, ca. IX 109 cpm .pg-1) (see  sec tio n  2.3.9.1). 
The p re h y b rid iz a tio n  an d  h y b rid iz a tio n  re a c tio n s  w ere in c u b a te d  a t  65°C 
fo r  4 an d  16 h o u rs  re sp e c tiv e ly .
W ashing o f m em branes a f te r  h y b rid iza tio n : The ny lon  m em brane 
w as w ashed  tw ice in  200ml of IX SSC, 0.5% (w /v) SDS a t  65°C fo r  20min 
each . E xcess flu id  was rem oved b y  b lo ttin g , th e  f i l te r  sea led  in  a  p la s tic  
bag  a n d  su b je c te d  to  a u to ra d io g ra p h y . The p ro b e  cou ld  be  s tr ip p e d  
from  th e  f i l te r  (p ro v id ed  th e  f i l te r  w as k e p t m oist a f te r  h y b rid iza tio n ) 
b y  w ash ing  in  0.4M NaOH a t  45°C fo r  30min. The f i l te r  w as th e n  w ashed  
in  0.1X SSC, 0.2M Tris.HCl (pH 7.4) an d  0.1% (w /v) SDS fo r  15min an d  
s to re d  in  a  sea led  p la s tic  bag  u n til  re q u ire d .
2.3.15(b) CONDITIONS FOR AQUEOUS HYBRIDIZATIONS WITH 
OLIGONUCLEOTIDES
T his p ro c e d u re  was u sed  fo r  p ro b in g  hom ologous DNA, w hich was 
im m obilised on Hybond-N™  m em branes, w ith  ra d io a c tiv e ly  labelled  
o ligonucleo tides of 20-30 bases.
P re h y b rid iz a tio n  a n d  h y b rid iz a tio n  cond itions: The s u rfa c e  a re a  of 
th e  f i l te r  was m easured  an d  200pl of p re h y b rid iz a tio n  a n d  h y b rid iz a tio n  
u se d  fo r  e v e ry  sq u a re  cen tim etre . The p re h y b r id iz a tio n  so lu tion  
co n ta in ed  6X SSC, 0.05% (w /v) SDS (Sigma, M olecular Biology G rade), 
0.05% (w /v ) sodium  p y ro p h o sp h a te  an d  200pg.ml"1 H eparin  (Sigma, G rade 
1). The p re h y b rid iz a tio n  so lu tion  w as h ea ted  to  65°C b e fo re  th e  re q u ire d  
am ount of h e p a rin  was d isso lved . The so lu tion  was th e n  a d d ed  to  th e  
f i l te r  an d  in cu b a ted  a t  65°C fo r  4 h o u rs . The h y b rid iz a tio n  so lu tio n  w as 
th e  same a s  th e  p re h y b rid iz a tio n  so lu tion , ex cep t th a t  i t  co n ta in ed  0.5% 
(w /v) SDS and  50ng of p ro b e  (ca. IX 109 cpm .pg-1). The h y b rid iz a tio n  
so lu tion  was p rew arm ed to  65°C b e fo re  th e  h e p a r in  an d  50ng of 
o ligonucleo tide  p ro b e  w ere a d d ed  (see  sec tio n  2.3.9.2). The f i l te r  w as 
in c u b a ted  w ith th e  h y b rid iza tio n  so lu tion  a t  65°C fo r 90min.
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W ashing o f th e  m em brane: The m em brane was w ashed  in  150ml of 
5X SSC, 0.05% (w /v ) SDS fo r 15min a t  room te m p e ra tu re  an d  th e n  tw ice 
in  150 ml of th e  same w ash  so lu tion  a t  60°C.
2.3.16 PREPARATION OF SINGLE-STRANDED M13 DNA
The s in g le -s t ra n d e d  M13 tem pla tes  w ere  p re p a re d  a s  d e sc r ib e d  in  
th e  "M13 C loning/D ideoxy seq u en c in g  In s tru c t io n  M anual” p u b lish e d  b y  
B eth esd a  R esearch  L ab o ra to rie s .
M in ip rep ara tio n s: A s in g le  M13 p laq u e  w as u se d  to  in fe c t 1.5ml of 
2X YT b ro th  co n ta in in g  15jxl of an  o v e rn ig h t c u ltu re  of E. coli TGI. T his 
was grow n a t  37°C fo r  5-6 h o u rs  w ith  v ig o ro u s  sh a k in g , th e n  
t r a n s f e r r e d  to  a  m icrofuge tu b e  an d  h a rv e s te d  b y  c e n tr ifu g a tio n  a t  room 
te m p e ra tu re  fo r  5min. The s u p e rn a ta n t, co n ta in in g  th e  p h ag e  p a r tic le s , 
was re c o v e re d  an d  re s p u n . The s u p e rn a ta n t  (1ml) th a t  rem ained  w as 
mixed w ith  200pl of a  so lu tion  of 20% (w /v ) PEG (6000)/2.5M NaCl an d  le f t  
to  s ta n d  a t  room te m p e ra tu re  fo r  15min to  p re c ip ita te  th e  p h ag e  
p a rtic le s . T hese w ere re c o v e re d  b y  c e n tr ifu g a tio n  a t  room te m p e ra tu re  
in  a  m icrofuge fo r  15min. The s u p e rn a ta n t  w as d isc a rd e d , th e  p e lle t 
re s p u n  an d  all t r a c e s  of s u p e rn a ta n t  rem oved. The p e lle t w as th e n  
re s u sp e n d e d  in  lOOpl dEteO an d  e x tra c te d  tw ice w ith  pheno l.ch lo ro fo rm  
an d  tw ice w ith  chloroform . The DNA w as th e n  e th an o l p re c ip ita te d  from  
th e  aq u eo u s  p h ase  an d  re c o v e re d  by  c e n tr ifu g a tio n  in  a  m icrofuge. The 
ssDNA w as th e n  w ashed  w ith  70% (v /v )  e th an o l, d r ie d  in  vacuo  a n d  
re d is so lv e d  in  20pl dH20.
M axip repara tions: The same ov era ll p ro c e d u re  w as followed as  fo r  
th e  ” m in ip rep a ra tio n s", ex cep t th a t  all th e  volum es w ere  sca led  u p  20 
fold. The cells from  a 30ml c u ltu re  w ere sp u n  o u t (14000g fo r 2min), th e  
s u p e rn a ta n t  re c o v e re d  an d  re s p u n  as  be fo re . The s u p e r n a ta n t  (20ml) 
th a t  rem ained  was th e n  p re c ip ita te d  w ith  5ml of 20% (w /v ) PEG/2.5M NaCl 
fo r  10 min a t  room te m p e ra tu re  an d  th e  p h ag e  h a rv e s te d  b y  
c e n tr ifu g a tio n  (14000g a t  20°C fo r 15min). The p h ag e  p e lle t w as 
re su sp e n d e d  in  1ml of dH20, th e n  re p re c ip ita te d  an d  p ro c e sse d  as  fo r  
th e  m in ip rep a ra tio n s  w ith  th e  volum es sca led  u p  acco rd in g ly .
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2.3.17 DNA SEQUENCING
Dideoxy seq u en c in g  (S an g e r e t  ah, 1975) w as c a r r ie d  o u t on 
s in g le -s tra n d e d  M13 tem p la tes  u s in g  a  TAQuenase™  k it su p p lied  b y  
U nited  S ta te s  Biochemical C orpora tion  (USB).
A nnealing  tem pla te  an d  p rim er: I n  a  1.5ml m icrofuge tu b e , ly g  of 
s in g le -s tra n d e d  tem pla te , lp l of seq u e n c in g  p rim er (0.5pmoles) an d  2jil o f 
re a c tio n  b u ffe r  w ere com bined an d  th e  volum e made u p  to  13iil w ith  
dH20. A fte r d e n a tu r in g  a t  85°C fo r  2min, th e  p rim er was an n ea led  to  
th e  tem p la te  b y  in c u b a tin g  a t  45°C fo r  lOmin. A fte r ann ea lin g  w as 
com plete, th e  tu b e  was p laced  on ice a n d  u se d  w ith in  ca. 2 h o u rs .
L abelling  reac tio n : To th e  an n ea led  te m p la te -p rim e r, th e  following 
w ere a d d ed  on ice:
V olum e ( u l )  
7 -d e a z a -d G T P  l a b e l l i n g  m ix  2
5 p C i o f  [ a - 3 2 P]dATP ( 8 0 0 C i . mmol- 1 ) 0 .5
C lo n e d  Tag  DNA p o ly m e r a s e  (2  u n i t s )  2
/The above w ere mixed an d  in c u b a te d  a t  45°C fo r  5min. To re a d  
seq u en ces  close to  th e  p rim er an n ea lin g  s ite  a  1:5 d ilu tion  of th e  
labelling  m ixture  was u sed .
T erm ination  reac tio n s : Im m ediately a f te r  th e  labelling  re a c tio n  w as 
com plete, 4pl a liq u o ts  w ere d isp en se d  in to  fo u r  m icrofuge tu b e d  
co n ta in in g  one of th e  fo u r 7 -deaza-dG T P te rm in a tio n  m ixtures; ddATP, 
ddCTP, ddGTP an d  ddTTP, re sp e c tiv e ly . The c o n te n ts  w ere mixed a s  
qu ick ly  a s  p o ssib le  an d  in cu b a ted  a t  70°C fo r  5min. A fte r th e  re a c tio n s  
w ere com plete, th e y  w ere allowed to  cool to  room te m p e ra tu re , 4pl o f 
Stop load ing  b u ffe r  was ad d ed  an d  th e n  th e y  w ere s to re d  on ice u n ti l  
th e  seq u en c in g  gel was re a d y  to  load. The sam ples w ere  h ea ted  to  70°C 
fo r 5-10 min, cooled ra p id ly  on ice an d  loaded  im m ediately on to  th e  gel. 
A pproxim ately 2—3jal of th e  seq u en c in g  p ro d u c ts  w ere  loaded p e r  tra c k . 
The com positions of th e  b u ffe rs  and  n u c leo tid e  mixes w ere n o t d isc lo sed  
b y  th e  m a n u fa c tu re rs  (USB).
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2.3.18 TRANSCRIPT MAPPING USING COMPLEMENTARY SINGLE-STRANDED 
DNA PROBES
M apping of th e  5’ te rm in u s  of RNA t r a n s c r ip ts  w as u n d e r ta k e n  
u s in g  s in g le -s tra n d e d  p ro b e s  d e riv e d  from  M13 (Calzone e t  al., 1987), a s  
d e sc r ib e d  b y  M aniatis e t  al. (1989).
R eagen ts: IX H yb rid iza tio n  b u ffe r ; 40mM PIPES a d ju s te d  to  pH 7.4 
w ith  NaOH, 400mM NaCl, ImM EDTA, 80% (v /v )  form am ide (d e -io n ized  w ith  
m ixed-bed  re s in ) . S to red  a t  -70°C. 10X S I n u c lea se  d ig e s tio n  b u ffe r;
2.8M NaCl, 500mM NaCH3C00 (pH 4.5), 45mM ZnS04. S to red  a t  -70°C. 10X 
Exonuclease VII d ig e s tio n  b u ffe r ; 500mM Tris.HCl (pH7.8), 500mM KC1 an d  
lOOmM EDTA (pH 8.0). D en atu red  Salmon sp erm  DNA; p re p a re d  b y  
d isso lv in g  in  dH20, e x tra c tin g  an y  p ro te in  w ith  phenol.ch loroform , 
sh e a rin g  b y  p a ssa g e  th ro u g h  a na rro w  g au g e  hypoderm ic  need le  and  
e th an o l p re c ip ita tin g . The frag m en ted  DNA w as th e n  re d is so lv e d  in  dH20 
to  a  co n ce n tra tio n  of lOmg.ml"1, boiled fo r  lOmin an d  s to re d  a t  -20°C in  
small a liq u o ts . P r io r  to  u se , th e  DNA was p a r tia lly  d e n a tu re d  by  h ea tin g  
to  100°C fo r  5min an d  chiU ing ra p id ly  on ice. C a r r ie r  tRNA; p re p a re d  b y  
d isso lv in g  com m ercially availab le  y e a s t tRNA in  dH20, e x tra c tin g  an y  
p ro te in  w ith  phenol.ch loroform , p re c ip ita tin g  an d  re d is so lv in g  in  dH20  to  
a  fin a l co n ce n tra tio n  of lOmg.ml"1, S I n u c lea se  s to p  b u ffe r ; 500mM 
Tris.HCl (pH 8.0), 125mM EDTA.
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P ro b e  sy n th e s is :  0.5 pmoles of tem p la te  ssDNA w as mixed w ith  3 
pmoles of an  o ligonucleo tide  p rim er in  a  volum e of 16 pi, co n ta in in g  2pl 
10X BRL REact 2 b u ffe r , an d  th e n  an n ea led  b y  h ea tin g  to  85°C fo r  5min 
an d  cooling slow ly to  37°C. The ex ten sio n  re a c tio n  was th e n  c a r r ie d  o u t 
a t  37°C fo r  30 min b y  ad d in g :
V olum e ( u l )
lOOmM d i t h i o t h r e i t o l  2
5 0 p C i o f  [ a - 3 2 P]dA TP
( s p .  a c t .  3000  C i.m m o le - 1 ) 5
40pM s o l u t i o n  o f  dATP 1
20mM s o l u t i o n  o f  dCTP,
dGTP a n d  dTTP 1
K lenow  ( 1 - U . p l - 1 ) 5
The above re a c tio n  was th e n  "ch a sed " , b y  ad d in g  lp l of a  20mM 
dATP so lu tion  a n d  in c u b a tin g  fo r  a  f u r th e r  20 min. A fte r sy n th e s is , th e  
re a c tio n  was h ea ted  to  68°C fo r lOmin to  in a c tiv a te d  th e  Klenow. The 
p ro b e  w as th e n  d ig e s ted  a t  a  r e s tr ic t io n  s ite , w ith in  o r  beyo n d  th e  
in s e r t ,  b y  th e  ad d itio n  of 20pl of r e s tr ic t io n  d ig e s t so lu tion  co n ta in in g  
th e  a p p ro p r ia te  re s tr ic t io n  en d o n u clease  (20U) an d  b u ffe r . The re a c tio n  
w as in c u b a ted  fo r  2 h o u rs  a t  th e  optim um  te m p e ra tu re  fo r  th e  enzym e. 
The nucleic  acid  was th e n  p re c ip ita te d  w ith  e th an o l a n d  re c o v e re d  b y  
c e n tr ifu g a tio n  in  a  m icrofuge. The DNA p e lle t w as w ashed  w ith  70% (v /v )  
e th an o l an d  d r ie d  in  vacuo. To p u r ify  th e  s in g le -s t ra n d e d  p ro b e , th e  
p e lle t w as r e s u s p e n d e d 'in  20pl IX seq u en c in g  load ing  b u ffe r , d e n a tu re d  
b y  h ea tin g  to  85°C fo r  5min an d  re so lv e d  b y  e le c tro p h o re s is  on a  
d e n a tu r in g  6% (w /v) po lyacry lam ide gel. The p o sitio n  of th e  p ro b e  w as 
de te rm in ed  b y  a u to ra d io g ra p h y  an d  e lu te d  from  th e  gel u s in g  th e  c r u s h  
an d  soak  p ro to co l (see Section 2.3.13).
In c o rp o ra tio n  o f rad io -lab e lled  n u c leo tid es : When th e  p ro b e  w as 
u se d  in  q u a n tita tiv e  S I nuclease  p ro te c tio n  ex p erim en ts, th e  p e rc e n ta g e  
of rad io -lab e lled  nu c leo tid es  th a t  w ere  in c o rp o ra te d  was ca lcu la ted . 0.5pl 
sam ples rem oved from  th e  ex tension  m ixture b e fo re  th e  a d d itio n  of 
Klenow an d  a f te r  th e  sy n th e s is  of th e  p ro b e  b u t  b e fo re  th e  "cold" c h ase  
w ere  sp o tte d  onto  1 cm2 sq u a re  of Whatman GF/C f i l te r s  in  m icro fuge
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tu b e s  (1.5ml). The f i l te r s  w ere s to re d  a t  room te m p e ra tu re  u n til  all th e  
flu id  h ad  ev ap o ra te d . U sing b lu n t-e n d e d  fo rc e p s , th e  f i l te r  co n ta in in g  
th e  sam ple rem oved im m ediately b e fo re  th e  "co ld ” ch ase  w as sw irled  in  a  
b e a k e r  co n ta in in g  100-150ml of ice -co ld  5% (w /v ) tr ich lo ro ac e tic  acid  a n d  
20mM sodium  p y ro p h o sp h a te  fo r  2min. T his w ash ing  s te p  w as re p e a te d  
th re e  tim es u s in g  f r e s h  volum es of th e  ac id  so lu tion . The f i l te r  was th e n  
w ashed  in  70% (w /v) e th an o l fo r  30s a n d  allowed to  d ry  a t  room 
te m p e ra tu re . The two f i l te r s  w ere th e n  p laced  in  s e p a ra te  sc in tilla tio n  
v ia ls  a n d  th e  am ount of ra d io a c tiv ity  m easu red  by  C erenkov  co u n tin g . 
The p ro p o r tio n  of rad io -lab e lled  p re c u r s o r s  a n d  spec ific  a c tiv ity  of th e  
p ro b e  w ere  ca lcu la ted  u s in g  th e  follow ing eq u atio n s:
com i n  w a sh e d  f i l t e r  = p r o p o r t i o n  i n c o r p o r a t e d  
cpm i n  u n w a sh e d  f i l t e r
p r o p o r t i o n  i n c o r p o r a t e d  X t o t a l  w e ig h t  = t o t a l  a m o u n t o f
p r o d u c t
com i n c o r p o r a t e d  = s p e c i f i c  a c t i v i t y
t o t a l  am o u n t o f  p r o d u c t
T his p ro c e d u re  y ielded  ro u tin e ly  0.1 to  0.4 pmoles of s in g le ­
s tra n d e d  p ro b e  w ith  a  specific  a c tiv ity  of 106-1 0 7 C erenkov  cps.p inole-1 
DNA.
H ybrid iza tion : The s in g le -s tra n d e d  p ro b e  (ca. 0.1-0.2pm oles) a n d  
th e  S tre p to m y c e s  RNA (5-20pg) w ere c o -p re c ip ita te d , w ashed  w ith  70% 
(v /v )  e th an o l an d  d ried  b y  leav ing  th e  tu b e  open  on th e  b en ch , u n ti l  
th e  la s t  t r a c e s  of e thano l had  e v ap o ra te d . The probe/RNA p e lle t w as 
re s u sp e n d e d  in  20pl of IX H ybrid iza tion  b u ffe r . The so lu tion  w as 
p ip e tte d  up  an d  down m any (20-30) tim es an d  h ea ted  to  60°C fo r  30min 
to  e n su re  th a t  th e  p e lle t was d isso lv ed  com pletely. The h y b rid iz a tio n  
so lu tion  w as th e n  hea ted  to  85°C fo r  lOmin, to  d e n a tu re  th e  nu c le ic  
ac id s  a n d  in cu b a ted  a t  55-65°C o v e rn ig h t. A fte r o v e rn ig h t in c u b a tio n , 
th e  h y b rid iza tio n  m ixture was e i th e r  t r e a te d  w ith  S I n u c lease  o r  
Exonuclease VII.
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S I  N uclease d ig estio n : 280pl of ice -co ld  IX S I d ig e s tio n  b u ffe r , 
co n ta in in g  10pg of p a r tia lly  d e n a tu re d  Salmon sperm  DNA, w as a d d ed  to  
th e  h y b rid iz a tio n  re a c tio n  an d  mixed b y  in v e r tin g  th e  m icrofuge tu b e  
s e v e ra l tim es. As qu ick ly  a s  p o ssib le , 250 u n its  of S I n u c lease  (l-2 iil) 
w ere  ad d ed , th e  re a c tio n  m ix tu re  pooled b y  c e n tr ifu g a tio n  a n d
in c u b a te d  a t  37°C fo r  30min. The re a c tio n  w as te rm in a te d  b y  th e
ad d itio n  of 75pl s to p  b u ffe r  an d  lOpg c a r r ie r  tRNA. The re a c tio n  m ix ture  
w as th e n  e x tra c te d  w ith  pheno l.ch lo ro fo rm  an d  ch loroform , e th an o l
p re c ip ita te d , w ashed  w ith  70% (v /v )  e th an o l, d rie d  in  vacuo  an d
re s u sp e n d e d  in  7pi IX seq u en c in g  load ing  b u ffe r . The p ro d u c ts  w ere  
r u n  a g a in s t  seq u en c in g  la d d e rs  on d e n a tu r in g  po lyacry lam ide  ge ls.
Exonuclease VII d ig estio n : 280pl of ice cold IX exonuclease  b u ffe r , 
co n ta in in g  10 u n its  of exonuclease  VII, w ere a d d ed  to  th e  h y b rid iz a tio n  
so lu tion , mixed b y  in v e r tin g  th e  tu b e  s e v e ra l tim es, pooled b y  b r ie f  
c e n tr ifu g a tio n  an d  in c u b a ted  a t  37°C fo r  45min. The re a c tio n  m ix ture  w as 
e x tra c te d  w ith  phenol.ch loroform  an d  ch loroform  an d  p ro c e sse d  a s  fo r  
th e  S I d ig estio n  p ro d u c ts  above.
2.3.19 PRIMER EXTENSION MAPPING OF TRANSCRIPT 5* ENDS
The p ro toco l d e sc rib e d  below w as com m unicated b y  Lewis W ray 
(Boston U n iv e rs ity , USA).
R eagen ts: 5X A nnealing b u ffe r ; 1.0M KC1, 0.1M Tris.HCl (pH 8.3). 5X 
E longation  b u ffe r ; 0.9M Tris.HCl (pH8.3), 0.1M MgCl2.
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P ro ced u re : 5*-labelled o ligonucleo tide  (ca. 0 .5 - ln g )  an d
S tre p to m y c e s  RNA (10-40pg) w ere c o -p re c ip ita te d , w ashed  w ith  70% (v /v )  
e th an o l an d  re s u sp e n d e d  in  20pl IX A nnealing  b u ffe r . The sam ple was 
in c u b a te d  a t  80°C fo r  5min to  d e n a tu re  an d  th e n  in c u b a te d  a t  42°C fo r  
3 h o u rs . A fte r th e  RN A -oligonucleotide an n ea lin g  re a c tio n  w as com pleted 
th e  following w ere ad d ed :
5X E l o n g a t i o n  b u f f e r  2
A c t in o m y c in  D (1  m g .m l- 1 ) 1
2mM dATP, dC TP, dG TP, dTTP s o l u t i o n  1
R N A g u a r d  R i b o n u c l e a s e  i n h i b i t o r  
( P h a r m a c ia ,  3 7 U .p l - 1 ) 1
A v ia n  M y e l o b l a s t o s i s  V i r u s  (AMV)
r e v e r s e  t r a n s c r i p t a s e  ( P h a r m a c ia )  1 (2 5  u n i t s )
lOOmM d i t h i o t h r e i t o l  2
dH2 O 2
The e longation  re a c tio n  was in c u b a ted  a t  42°C fo r  30min an d  th e n  
te rm in a te d  b y  th e  ad d itio n  of lOpl S eq u en cin g  S top  load ing  b u f fe r  (USB, 
TAQuenase™ k it) . Im m ediately p r io r  to  load ing , th e  ex ten s io n  p ro d u c ts  
w ere  h e a te d  to  85°C. 3-5pl of th e  sam ple w as th e n  loaded  on to  th e
seq u e n c in g  gel.
2.3.20 AUTORADIOGRAPHY
A u to rad io g rap h y  w as pe rfo rm ed  in  m etal c a s s e t te s  (m edical c h e s t  
X -ray  ty p e ) u s in g  Kodak X-OMATS film. E nhancem ent in  th e  in te n s i ty  of 
th e  a u to ra d io g ra p h ic  im ages w as o b ta in ed  w hen th e  film w as exposed  a t  
low te m p e ra tu re  (-70°C) in  close c o n tac t w ith  a  du  P o n t C ronex 
L ig h ten in g  P lus in te n s ify in g  sc reen . The X -ra y  films w ere  d eveloped  
u s in g  a  Kodak X-OMAT au tom atic  p ro c e sso r , Model ME-I.
2.3.21 DENSITROMETRY SCANNING
The in te n s ity  of a u to ra d io g ra p h ic  im ages w ere d e te rm in ed  u s in g  a  
H oefer S cien tific  In s tru m e n ts  GS-300 S cann ing  D ensitom eter, in te g ra te d  
w ith  an  IBM GS-360 Data System .
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3.1 In tro d u c tio n
The b io sy n th e tic  g en es  fo r  o x y te tra cy c lin e  p ro d u c tio n  a r e  lo ca ted  
in  a  s in g le  c lu s te r , flan k ed  b y  tw o re s is ta n c e  g en es  (B innie e t  al., 1989). 
Both th e  otrA  an d  otrB  r e s is ta n c e  g en es  h ave  b een  c loned  from  S. 
r im osus  M15883, a  com m ercial p ro d u c tio n  s t r a in  develo p ed  b y  P f iz e r  
(Rhodes e t  al., 1984). The p ro d u c t  of th e  otrA  re s is ta n c e  g en e  p ro te c ts  
th e  ribosom es from  tra n s la t io n a l a r r e s t  b y  o x y te tra cy c lin e , w hile th e  
otrB  g en e  p ro d u c t is  invo lved  in  efflux  of th e  a n tib io tic  from  th e  
mycelium (O hnuki e t  al., 1985; Doyle e t  al., 1988). D uring  v e g e ta tiv e  
g ro w th , te tra c y c lin e  re s is ta n c e  in  S. rim osus  can  be in d u c ed  b y  p r e ­
ex p o su re  to  su b - le th a l c o n c e n tra tio n s  of te tra c y c lin e  (O hnuki e t  al., 
1985; Lee, u n p u b lish e d  re s u lt) .
The otrA  re s is ta n c e  gene h a s  b een  seq u en ced  a n d  th e  p a t te r n  of 
t r a n s c r ip t io n  a n a ly sed  p a rtia lly  (F ig u re  3.1; from  th e  r e s u l t s  o f Doyle,
1987). Two tr a n s c r ip t io n  s t a r t  p o in ts  w ere  p ro p o sed  fo r  otrA , 129nt a n d  
339-344nt u p s tream  of th e  tra n s la t io n  in itia tio n  codon, c o rre sp o n d in g  to  
th e  p ro m o te rs  o trA g l  an d  otrAp2  re sp e c tiv e ly . T ra n sc rip tio n  h as  b een  
show n to  te rm in a te  im m ediately dow nstream  of th e  otrA  re s is ta n c e  g en e  
a t  a  s ite  w hich is p re d ic te d  to  form  a  ty p ic a l rh o - in d e p e n d e n t  
te rm in a to r  s t r u c tu r e  in  th e  m essen g er RNA (Doyle, 1987). The re c o g n itio n  
seq u en ce  of o trA p l  resem bles th e  c o n se n su s  seq u en ce  fo r  th e  m ajor 
c lass  of e u b ac te ria l p ro m o ters . T his p ro m o ter is  th o u g h t  to  be 
tr a n s c r ib e d  from th e  S. r im osus  e q u iv a len t of th e  S. coelico lor  RNA 
po lym erase  holoenzym e, Eo35, w hich is capab le  of t ra n s c r ip t io n  from  th e  
v e g  p ro m o ter of B. s u b tilis  an d  th e  dagAp4  from  S. coelicolor  (G eneral 
In tro d u c tio n , 1.9) (W estpheling e t  al., 1985; B u ttn e r  e t al., 1988). No DNA 
seq u en ce  was o b ta in ed  fo r  otrAp2, a s  i t  w as e x te rn a l to  th e  c loned  DNA 
c o n fe rr in g  te tra c y c lin e  re s is ta n c e  (G eneral In tro d u c tio n , 1.14).
Owing to  th e  commercial im portance  of S. r im osus  M15883, in  v iv o  
m an ipu la tions can  only  be c a r r ie d  o u t w ith in  th e  con fin es  of th e  P fiz e r  
L ab o ra to rie s . C onsequen tly , p re v io u s  a n a ly se s  of o trA  t r a n s c r ip t io n  
u sed  RNA iso la ted  from  th e  a n c e s tra l  p ro d u c tio n  s t r a in  S. r im o su s  
M4018, grow n on T ry p to n e  Soya B ro th  (TSB), w hich does n o t s u p p o r t  
an tib io tic  p ro d u c tio n  (Doyle, 1987). As, no seq u en ce  re sem b lin g  a  r h o -
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in d e p e n d e n t te rm in a to r could  be d e te c te d  in  th e  in te rv e n in g  reg io n  
b e tw een  otrA  an d  otcZ  (a b io sy n th e tic  gene  lo ca ted  im m ediately 
u p s tream ; F ig u re  3.1), i t  was p ro p o se d  th a t  th e se  g e n es  may be co­
t r a n s c r ib e d  d u rin g  an tib io tic  p ro d u c tio n , a s  p a r t  of a  p o ly c is tro n ic  
m essage.
W ithout excep tion , an tib io tic  p ro d u c tio n  g en es  h av e  b een  fo u n d  in  
c lu s te r s .  In d eed , w here  a ll th e  b io sy n th e tic  g en es  h av e  b een  id e n tif ie d  
o r  w h ere  h e te ro lo g o u s  ex p re ss io n  of an tib io tic  p ro d u c tio n  h as  b een  
a tta in e d , all of th e  b io sy th e tic  g en es  an d  a t  le a s t  one re s is ta n c e  gene  
h ave  b een  m apped to  a  s in g le  location  (M alpartida  a n d  Hopwood, 1984; 
S tan zak  e t  al., 1986; Chen e t al., 1986; Motamedi an d  H u tch in so n , 1987; 
B innie e t  al, 1989). The close p roxim ity  of re s is ta n c e  d e te rm in a n ts  to  
b io sy n th e tic  g en es  an d  th e  re q u ire m e n t fo r  th e i r  concom itan t e x p re ss io n  
d u r in g  physio log ical d iffe re n tia tio n  h a s  p ro m p ted  sp ec u la tio n  th a t  th e  
ex p re ss io n  of th e se  g en es  may be re g u la te d  c o o rd in a te ly  (Hopwood,
1988).
3.1.1. O b jec tiv es
The tra n s c r ip tio n a l a n a ly s is  of otrA  p rom ises to  re v e a l in te re s t in g  
fa c e ts  a b o u t th e  coo rd in a tio n  of gene  ex p re ss io n  d u r in g  th e  sw itch  to  
sec o n d a ry  metabolism  an d  th e  in d u c tio n  of an tib io tic  re s is ta n c e  d u r in g  
v e g e ta tiv e  g row th .
The immediate aims of th e  experim en ts  d isc u sse d  in  th is  c h a p te r  
w ere a s  follows.
(i) To id e n tify  th e  p ro m o ters  re sp o n s ib le  fo r  th e  tra n s c r ip t io n  of 
th e  otrA  re s is ta n c e  gene  an d  to  com pare th e i r  re c o g n itio n  se q u e n c e s  
w ith  th e  c o n se n su s  seq u en ces  fo r  know n c la sses  of p ro m o te rs .
(ii) To e s ta b lish  c u ltu re  co n d itio n s  fo r  S. r im o su s  M4018 an d  
M15883 th a t  y ie lded  re p ro d u c ib le  g ro w th  an d  o x y te tra cy c lin e  p ro d u c tio n  
p ro file s .
(iii) To iso la te  RNA from S. r im osus  c u ltu re s  a t  d if f e re n t  s ta g e s  in  
th e  fe rm en ta tio n  of o x y te tracy c lin e  an d  to  d e term in e  th e  tem pora l 
c h an g e s  in  th e  tra n s c r ip tio n  of otrA.
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(iv) To id e n tify  su ita b le  RNA sam p les / time p o in ts  fo r  in te n s iv e  
tra n s c r ip t io n a l  a n a ly se s  of th e  OTC c lu s te r .
3.1.2 M ethology
Two s tra te g ie s  w ere  em ployed to  in v e s tig a te  th e  tra n s c r ip t io n  of 
o trA ; (i) th e  c lon ing  of frag m e n ts  from  th e  re g io n  im m ediately u p s tre am
of otrA  in to  a  p ro m o te r-p ro b e  sy stem  an d  (ii) h ig h - r e  so lu tion  S I
n u c lea se  p ro te c tio n  experim en ts.
At th e  o n se t of th is  in v e s tig a tio n  (1987) on ly  two p lasm id  sy stem s 
w ere  availab le  re a d ily  fo r  m easu rin g  in  v iv o  p ro m o te r a c tiv ity  in  
S trep to m yces;  pARCl, a  lo w -co p y -n u m b er v e c to r  (H orinouchi a n d  B eppu,
1985) an d  p IJ486 /7 , two h ig h -c o p y -n u m b e r v e c to rs  th a t  d if fe r  on ly  in  
th e  o rie n ta tio n  of th e ir  m ultip le c lon ing  s ite s  (Ward e t  ah, 1986).
I t  h as b een  know n fo r  some time th a t  th e  m olar ra tio  of
tra n s c r ip t io n a l  re g u la to rs  to  th e i r  reco g n itio n  s ite s  on DNA is  of m ajor
im p o rtan ce  in  re g u la tin g  gene e x p re ss io n  (P tash n e , 1986). As th e  pARCl 
system  is  b ased  on a lo w -co p y -n u m b er plasm id, i t  sho u ld  be u se fu l fo r  
s tu d y in g  p ro m o ters  th a t  a re  re g u la te d  by  th e  b in d in g  of a n c illa ry  
p ro te in s . The pARCl plasm id co n ta in s  a  p ro m o te rless  locus sp ec ify in g  
th e  sy n th e s is  of a  b row n pigm ent. R ecom binants co n ta in in g  a  p ro m o ter, 
w hich is  ac tiv e ly  d ire c tin g  th e  tra n s c r ip t io n  of th e  pARCl r e p o r te r  
locus, have  a  p h en o ty p e  w hich can  be d e tec te d  easily  w ith o u t se lec tion . 
This system  can  be u sed , th e re fo re , to  an a ly se  p ro m o te rs  w ith  d is tin c t 
tem pora l a c tiv itie s . U n fo rtu n a te ly , pARCl h as only  a  s in g le  BamRI s ite , 
u p s tre am  of th e  r e p o r te r  locus, w hich is  su ita b le  fo r  in s e r t in g  
frag m e n ts  to  be te s te d .
The p IJ486 /7  system  in c lu d es  s e v e ra l u se fu l fe a tu re s ;  a  m ultip le  
c lon ing  s ite  located  im m ediately u p s tre am  of th e  a p h l l  r e p o r te r  g en e , 
w hich encodes kanam ycin  re s is ta n c e , an  E. coli b a c te rio p h a g e  fd  
te rm in a to r  u p s tream  of th e  c loning  s ite s  to  p re v e n t  tra n s c r ip t io n a l  r e a d -  
th ro u g h  from  v e c to r  p ro m o ters  an d  a  tra n s la tio n a l s to p  codon, w hich is  
located  3’ to  th e  cloning s ite  b u t  in  fram e an d  5’ to  th e  r e p o r te r  g en e ,
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to  avo id  tra n s la t io n a l fu s io n s , w hich  cou ld  a l te r  th e  sp ec ific  a c tiv ity  of 
th e  a p h l l  g ene  p ro d u c t. A lthough  th e  h ig h  c o p y -n u m b e r of th e  p IJ486/7  
p lasm ids p e rm its  th e  d e tec tio n  of w eak p ro m o te rs , a n y  re g u la tio n  
d e p e n d e n t on  th e  ra tio  of t a r g e t  DNA to  a n c il la ry  p ro te in  may be 
d is ru p te d .
As S. r im o su s  M4018 an d  M15883 p ro d u c e  a  b row n p igm ented  b y ­
p ro d u c t d u r in g  th e  p ro d u c tio n  of o x y te tra c y c lin e  an d  a re  in h e re n tly  
r e s is ta n t  to  h ig h  lev e ls  of kanam ycin  (ca. 500jig.ini"1, H u n te r p e rs . 
comm.), n e ith e r  th e  pARCl n o r th e  p IJ486 /7  system  can  be u sed  to  
m easure  p ro m o ter a c tiv ity  in  th e se  p ro d u c tio n  s tra in ^  P rev io u s ly , th e  
p iJ4 8 6 /7  p lasm ids w ere  u se d  to  an a ly se  th e  in  v ivo  a c tiv ity  of ofcrApl, 
due to  th e  ease  w ith  w hich DNA frag m e n ts  cou ld  be in s e r te d  in  a  
spec ific  o rie n ta tio n  (Doyle, 1987). The a s s a y s  w ere  c a r r ie d  o u t u s in g  
th e  h e te ro lo g o u s  h o s t S . liv id a n s , w hich  is  h ig h ly  sen s itiv e  to  
kanam ycin  an d  can  be tra n sfo rm e d  w ith  h ig h  e ffic ien cy . In  o rd e r  th a t  
m easurem en ts of p ro m o te r a c tiv itie s  cou ld  be com pared  d ire c tly , th is  
ap p ro a ch  was a lso  ad o p ted  to  an a ly se  f u r th e r  th e  t ra n s c r ip t io n  of 
otrA.
The S I nu c lease  p ro te c tio n  a ssa y  (B erke an d  S h a rp , 1977) is  th e  
most w idely  u se d  te c h n iq u e  fo r de term in in g  th e  p re c ise  locations of th e  
5* an d  3’ te rm in i of t r a n s c r ip ts .  S ev e ra l v a r ia tio n s  on th e  o rig in a l 
te ch n iq u e  have  been  p u b lish ed  (fo r an  o v erv iew  see  Calzone e t ah, 
1987). S in g le -s tra n d e d  p ro b e s  d e riv e d  from  reco m b in an ts  of
b ac te rio p h a g e  M13 w ere  u sed  to  map th e  5* te rm in i of th e  otrA  
t r a n s c r ip ts  (as d e sc r ib e d  b y  M aniatis e t  ah, 1989). T his ap p ro a ch  h a s  
s e v e ra l a d v an ta g e s ; (i) th e  p u rif ic a tio n  of s in g le -s tra n d e d  p ro b e  
minim ises th e  p o ss ib ility  of th e  com plem entary  DNA s tr a n d  (i.e th e  
tem plate) com peting w ith  RNA fo r h y b rid iz a tio n  to  th e  p ro b e , (ii) th e  
h ig h -sp e c if ic  a c tiv ity  o f th e  p ro b e s , w hich can  exceed 109 C erenkov  
cpm .pg-1 DNA, fa c ilita te s  th e  d e tec tio n  of r a r e  t r a n s c r ip ts  an d  (iii) th e  
tem p la tes , w hich a re  u se d  to  p ro d u ce  th e  p ro b e , can  also  be u sed  to  
g e n e ra te  d ideoxy-m edia ted  seq u en c in g  la d d e rs  fo r  th e  a c c u ra te  sizing  of 
th e  n u c le a s e - re s is ta n t  frag m en t(s).
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3.2 R esu lts
3.2.1 C o n stru c tio n  of R ecom binants fo r  in  v iv o  P rom oter A nalysis .
DNA frag m e n ts  from  th e  re g io n  u p s tre a m  of otrA  (F ig u re  3.1) 
w ere  su b c lo n ed  in to  th e  pIJ486 p ro m o te r p ro b e  v e c to r  (Ward e t  ah,
1986). The copy  num bers of th e se  c o n s tr u c ts  w ere n o t s ig n if ic a n tly  
d if fe re n t, a s  ju d g e d  b y  th e  re la tiv e  y ie ld s  from  num erous p lasm id 
p re p a ra t io n s . In itia lly , th e  305bp B cR s-K p n h  (iso lated  a s  a  KpriL 
f rag m e n t u s in g  a  s ite  in  th e  p o ly lin k e r) , th e  722bp K p n h -P stla  an d  th e  
805bp BamRIs-PsHs frag m en ts  from  pPFZ513 (Binnie, P fize r) w ere  
su b c lo n ed  in to  pUC18 to  p ro d u ce  pKME805, pKME807 a n d  pKME808 
re sp e c tiv e ly . The BcR s-K phh  in s e r t  w as o r ie n ta te d  su ch  th a t  th e  BcR  
s ite  w as n e a re s t  th e  EcoRI s ite  in  th e  p o ly lin k e r. This in te rm e d ia te  
c loning  s te p  w as u n d e r ta k e n  as  E. coli reco m b in an ts  could  be a n a ly se d  
ra p id ly  an d  th e  su b se q u e n t su b c lo n in g  s te p  in to  th e  s tre p to m y c e te  
v e c to r  w as m uch sim pler, th a t  is th e  same p re p a ra t io n  of H indLII/EcoRI- 
d ig e s ted  pIJ486 could  be u sed  fo r all th r e e  c lon ing  experim en ts.
H indU I/E coR I frag m en ts  from  th e  pU C 18-based  c o n s tru c ts  w ere  
th e n  lig a te d  in to  pIJ486, w hich had  b een  t r e a te d  w ith  calf in te s tin a l  
p h o sp h a ta se , to  d e riv e  pKMS605 from  pKME805, pKMS607 from  pKME807 
an d  pKMS608 from  pKME808 re sp ec tiv e ly . The p ro d u c ts  of each  lig a tio n  
w ere  th e n  in tro d u c e d  in to  5. liv id a n s  TK54 b y  gen etic  tra n s fo rm a tio n . 
F or each  tran sfo rm a tio n , plasm id DNA w as iso la ted  from  a t  le a s t  th re e  
d if fe re n t th io s tre p to n - r e s is ta n t  t ra n s fo rm a n ts  an d  d ig e s te d  w ith  
re s tr ic t io n  en d o nucleases. A lthough g ro s s  re a rra n g e m e n ts  w ere  n e v e r  
d e tec te d , occasionally , plasm ids w ere  fo u n d  w hich  d id  n o t co n ta in  an  
in s e r t .  Hin d lll/E c o R l  and  PstL d ig e s ts  o f plasm id DNA from  th e  iso la te s  
th a t  w ere  a ssa y e d  su b se q u e n tly  fo r  in  v iv o  p ro m o ter a c tiv ity  a re  
show n in  F ig u re  3.2. All of th e se  c o n s tru c ts  p ro d u c e d  th e  ex p ec ted  b an d  
p a t te rn s  w hen th e  p ro d u c ts  of endo n u cleo ly tic  c leavage  w ere  s e p a ra te d  
b y  e le c tro p h o re s is  on ag aro se  gels. The in s e r ts  w ere o r ie n ta te d  su ch  
th a t  a n y  p ro m o ter ac tiv ity  capab le  of d ire c tin g  tra n s c r ip t io n  of o trA  
would prom ote exp ression  of th e  a p h l l  r e p o r te r  gene.
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F ig u re  3.1 P ro m o te r-p ro b e  c o n s t r u c ts  u s e d  to  in v e s t ig a te  
p ro m o te r a c t iv i ty  c ap ab le  of t r a n s c r ib in g  th e  o trA  r e s is ta n e  
gene . A rrow s in d ic a te  th e  o r ie n ta tio n  of th e  i n s e r t  w ith  r e s p e c t  
to  th e  p ro m o te r le ss  a p h l l  g en e  in  p IJ486. S h a d e d  boxes (jjjjjj)  
d e n o te  th e  o tcZ  a n d  o trA  p ro te in  co d in g  re g io n s . T r a n s c r ip ts  
d e te c te d  b y  Doyle (1987) a re  r e p r e s e n te d  b y  b o ld  w av y  a rro w s , 
th e  c lo sed  c irc le s  in d ic a tin g  th e  p ro p o se d  s t a r t  s ite . T he lev e l 
of kanam ycin  c o n fe r re d  b y  th e  c o n s tr u c ts  is  in d ic a te d  in  th e  
colum n a t  th e  le f t  o f th e  f ig u re . A b b re v ia tio n s : B, BamHI; Be, 
B cR ; He, H inclII; K, KpiiL; P, PstL; Sm, Sm al,
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(A)
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F ig u r e  3.2. R e s tr ic t io n  d ig e s t s  to  con firm  th e  s t a t u s  of th e  i n s e r t s  in  
i n d e p e n d e n t  is o la te s  of th e  p r o m o te r - p r o b e  c o n s t r u c t s .
Gel A; Hindlll/EcoRI d ig e s t s  of th e  p IJ486  c o n s t r u c t s  
Gel B; P s tI  d ig e s t s  of th e  pIJ486 c o n s t r u c t s
L anes  1 a n d  11; lam bda Hindlll DNA m a rk e r s  
L anes  2-4; pKMS605 from  iso la te s  1, 2 a n d  3
L anes  5-7; pKMS607 from  iso la te s  1, 2 a n d  3
L anes  8-10; pKMS608 from iso la te s  1, 2 a n d  3
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3.2.2 A ssay  o f P rom oter A c tiv ity  from  p iJ486  C o n s tru c ts
S e ria l d ilu tio n s  of sp o re  su sp e n s io n s  of S . liv id a n s  TK54 
co n ta in in g  each  of th e  above c o n s tru c ts  w ere  sp re a d  o u t on Em ersons 
a g a r  p la te s  to  d e term ine  th e  sp o re  t i t r e .  S im ilarly, sp o re  su su p e n s io n s  
of tra n s fo rm a n ts  co n ta in in g  pIJ486 a n d  pDM130 (a pIJ486 c o n s t r u c t  
co n ta in in g  th e  SmaLi-BanHIs f rag m e n t; Doyle, 1987) w ere  a lso  p re p a re d  
a s  n e g a tiv e  an d  p o s itiv e  co n tro ls  re sp e c tiv e ly .
To a ssa y  p ro m o ter a c tiv ity , app rox im ate ly  102 s p o re s  of each  of 
th e  above  tra n s fo rm a n ts  w ere s tre a k e d  o u t on Em ersons a g a r  p la te s  
co n ta in in g  th io s tre p to n  (25jigml_1) a n d  kanam ycin  a t  c o n c e n tra tio n s  
ra n g in g  from  lOOpgml"1 to  900pgml_1. G row th on th e  a g a r  p la te s  w as 
a s s e s s e d  a f te r  in cu b a tio n  fo r  7 d ay s a t  30°C (F ig u re  3.1). The only  
reco m b in an ts  to  ex h ib it p rom oter a c tiv ity  w ere  S. l iv id a n s  TK54 
co n ta in in g  pKMS605 an d  th e  p o sitiv e  co n tro l pDM130. U sing  RNA iso la ted  
from  S. liv id a n s  TK64 co n ta in in g  pDM130, th e  5* e n d p o in ts  of 
t r a n s c r ip ts  o rig in a tin g  from  o trA p l  h ad  b een  m apped a t  220 a n d  221nt 
to  th e  le f t  of th e  BamKl6 s ite , w ith in  th e  BcRs re co g n itio n  seq u en ce  
(Doyle, 1987). Sim ilar lev e ls  of p ro m o ter a c tiv ity  w ere  a lso  d e te c te d  
u s in g  pDMHO, a  p IJ4 8 6 -b ased  c o n s tru c t  co n ta in in g  th e  221 b p  BcRs- 
SamHIe frag m e n t (Doyle, 1987). In  ad d itio n  to  confirm ing  th e  p re se n c e  
of t r a n s c r ip ts  o rig in a tin g  from  ofcrApl, S I n u c lease  m apping ex p erim en ts  
u s in g  RNA from  S. r im osus  M4018 also  d e te c te d  a  second  s ig n a l, w hich 
was p ro p o se d  to  c o rre sp o n d  to  a t r a n s c r ip t  a r is in g  from  a  second  
p ro m o ter, d e s ig n a te d  otrAp2, The tra n s c r ip t io n a l  s t a r t  s ite  fo r  th is  
p ro m o ter w as m apped 5 to  lO nt to  th e  le f t  of th e  RamHl6 s ite  w ith in  th e  
p re d ic te d  p ro te in  coding  reg io n  (PPCR) of otcZ  (Doyle, 1987).
At th is  s tag e  in  th e  p re s e n t  a n a ly s is , th e  sim plest ex p lan a tio n  fo r 
th e  in c re a se d  kanam ycin re s is ta n c e  in  reco m b in an ts  co n ta in in g  pKMS605 
(>900iigml"1) com pared w ith  th o se  co n ta in in g  pDM130 (ca. SOOpgml-1) was 
th a t  b o th  o trA p l  and  otrAp2  w ere d ire c tin g  t r a n s c r ip t io n  of th e  a p h l l  
r e p o r te r  gene  in  th e  pKMS605 c o n s tru c t. The reco g n itio n  seq u en ce  of 
otrAp2  w as in te rp re te d  a s  o v e rlap p in g  w ith  th e  jBamHl6 s ite , a s  th e  
pKMS608 c o n s tru c t, w hich co n ta in s  th e  BamBlG-PsO.8 f rag m en t, d id  n o t 
co n fe r kanam ycin  re s is ta n c e  to  S. liv id a n s  TK54, even  to  c o n c e n tra tio n s
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a s  low a s  20pgml“1. The fin d in g  th a t  th e  pKMS607 c o n s tr u c t  d id n o t 
c o n ta in  p ro m o ter a c tiv ity  was n o t u n ex p ec ted  a s  i t  c o n ta in s  n e ith e r  
o trA p l n o r otrAp2,
A p o ssib le  shortcom ing  of u s in g  th e  o u tg ro w th  ’ of sp o re  
su sp e n s io n s  to  a ssa y  fo r  in  v ivo  p ro m o ter a c tiv ity  in  th e  pTJ486/7 
sy stem  is  th a t  c o n s tru c ts  co n ta in in g  p ro m o te rs , w hich  a re  n o t 
t r a n s c r ib e d  d u rin g  v e g e ta tiv e  g ro w th , may n o t c o n fe r kanam ycin  
re s is ta n c e  to  g erm ina ting  sp o re s  an d  c o n se q u e n tly  may n o t be d e tec ted . 
In  an  a tte m p t to  c ircu m v en t th is  p o ss ib ility , k a n am y c in -re s is tan c e  
a s s a y s  w ere  a lso  c a r r ie d  o u t u s in g  m ycelial inoculum s from  liq u id  
c u ltu re s  of S. liv id a n s  TK54 co n ta in in g  pKMS607 an d  pKMS608 a t  v a rio u s  
s ta g e s  in  g row th , in c lu d in g  s ta t io n a ry  p h ase . P rom oter a c tiv ity  could  
s till  n o t be d e tec te d  an d  i t  w as co n c lu d ed  th a t  in  th e  a b se n c e  of a n y  
O TC-specific a c tiv a to r , th e  t ra n s c r ip t io n  of otrA  w as m ediated  solely  
b y  o trA p l an d  otrA p2 .
3.2.3 S I N uclease M apping of th e  P u ta tiv e  otrA p2 T ra n s c r ip ts
High re so lu tio n  S I p ro te c tio n  exp erim en ts  w ere  u n d e r ta k e n  to  
e s ta b lish  th e  p re c ise  5’ e n d p o in t of th e  p u ta tiv e  t r a n s c r ip ts  o rig in a tin g  
from  otrAp2. S in g le -s tra n d e d  p ro b e , com plem entary  to  th e  a n ti- s e n s e  
s t r a n d  of otrA , was p re p a re d  from  mKM905 (co n ta in in g  th e  B cR s-K pnli 
frag m e n t w ith  th e  BcR s ite  n e a re s t  th e  p rim er-an n e a lin g  s ite , C h ap te r 
4) b y  ex ten sio n  from th e  u n iv e rsa l (-20) p rim er a n d  d ig e stio n  w ith  
H in d lll (M aterials and  M ethods; 2.3.18). T his co n tin u o u s ly -la b e lled  p ro b e  
was u se d  in  h ig h  re so lu tio n  S I m apping experim en ts  w ith  to ta l RNA from  
th re e  in d e p e n d e n t iso la tes  of S . liv id a n s  TK54 co n ta in in g  pKMS605, S. 
rim osus  M15883 (a P fize r p ro d u c tio n  s tra in )  an d  S. r im o su s  M15883S (a 
sp o n tan eo u s  m u tan t w ith  th e  e n tire  OTC c lu s te r  d e le ted ) a s  a  con tro l. 
T ra n s c r ip ts  o rig in a tin g  from  5 -10n t to  th e  le f t  of th e  BamBls s ite  w ere  
p re d ic te d  to  r e s u l t  in  p ro te c te d  frag m e n ts  of 212-217nt u s in g  RNA from  
S. r im o su s  M15883 an d  233-238nt u s in g  RNA from  S. liv id a n s  TK54 
(pKMS605). The d iffe ren ce  in  th e  size of th e  p re d ic te d  p ro te c tio n  is due  
to  th e  p u ta tiv e  t r a n s c r ip ts  from  pKMS605 h av in g  ad d itio n a l 
com plem entarity  to  p o ly lin k er seq u e n c es  d e riv e d  from  M13mpl9 in  th e  
p ro b e . These t r a n s c r ip ts  shou ld  have  b een  re so lv ed  easily  in
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d e n a tu r in g  po lyacry lam ide  gels. However, no R N A -protected  frag m e n ts  
w ere d e tec te d , w hich cou ld  c o rre sp o n d  to  th e  p ro te c tio n  of p ro b e  b y  
t r a n s c r ip ts  o r ig in a tin g  from  a ro u n d  th e  BamH.T.6 s ite  (F ig u re  3.3, P anel 
A). F u rth e rm o re , r e p e a te d  h ig h -re so lu tio n  S I m apping  ex p erim en ts  u s in g  
num erous b a tch e s  of RNA from  S', liv id a n s  TK54 (pKMS605) fa iled  to  
d e te c t p ro te c tio n  of a n y  p a r t  of th e  p ro b e  ( r e s u l t  n o t show n). As 
t r a n s c r ip ts  o rig in a tin g  from  o trA p l  in  th e  pKMS605 c o n s tr u c t  only  h av e  
com plem entarity  to  2 2 -23n t of th e  p o ly lin k e r seq u en ce  in  th e  p ro b e , i t  is  
p o ssib le  th a t  a  R N A -protected  frag m en t c o rre sp o n d in g  to  o trA p l  w as 
n o t d e tec te d  due  th e  po o r s ta b ility  of th e  probe-RN A  complex u n d e r  
th e  co nd itions u se d  fo r  h y b rid iza tio n  (M aterials a n d  M ethods 2.3.18) 
a n d /o r  th e  low sp ec ific  a c tiv ity  (cpm.pmole-1) of th e  s h o r t  RNA- 
p ro te c te d  fragm en t.
U sing RNA iso la ted  from  S. rim osus  M15883 a n d  M4018 (a fo rm er 
OTC p ro d u c tio n  s tra in , P fize r) , a  p ro te c te d  fra g m e n t of approx im ate ly  
305nt w as alw ays d e te c te d  (F ig u re  3.3, Panel B). The a b se n c e  of a  RNA- 
p ro te c te d  frag m en t u s in g  RNA from  S. rim osus  M15883S in d ic a ted  th a t  
th is  p ro te c tio n  w as sp ec ific  to  th e  OTC c lu s te r . As th e  p ro b e  co n ta in s  
n u c leo tid es  a t  b o th  th e  5’ an d  3’ end  th a t  a re  d e r iv e d  from  M13mpl9, 
i t  is  p o ssib le  to  d is tin g u is h  betw een  th e  frag m e n t p ro d u c e d  b y  
re a n n ea lin g  of th e  p ro b e  to  con tam inating  DNA tem pla te  an d  p ro b e  
p ro te c te d  by  t r a n s c r ip ts  o rig in a tin g  ou tw ith  b u t  ( ex ten d in g  th ro u g h  th e  
reg io n  cloned in  M13mpl9. The size of th e  p ro te c te d  b a n d  c o rre sp o n d e d  
exactly  to  th a t  p re d ic te d  fo r  t r a n s c r ip ts  ex ten d in g  th ro u g h  th e  e n tire  
305bp BcR5-Kpnl6 reg io n . In  lig h t of th e se  S I n u c lease  m apping 
experim en ts, th e  p ro te c tio n  in te rp re te d  b y  Doyle (1987) a s  c o rre sp o n d in g  
to  t r a n s c r ip ts  o r ig in a tin g  from  otrAp2  is  now c o n s id e re d  to  be fu l l -  
le n g th  p ro b e  (FLP) w hich h as had  a  few n u c leo tid es  rem oved from  th e  
3’ en d  by  o v e r d ig e stio n  w ith  S I nu c lease . C o n sid era tio n  of th e  
com bined re s u lts  from  th e  in  v ivo  a n a ly s is  of p ro m o ter a c tiv ity  an d  th e  
S I n u c lease  p ro te c tio n  experim en ts, s u g g e s ts  th a t;  (i) o trA p l  is  th e  on ly  
p ro m o ter capable  of d ire c tin g  tra n s c r ip tio n  of otrA  w ith in  th e  BcRs- 
P stIs reg io n  an d  (ii) a  p rom oter located  a t  le a s t  1.4kb u p s tre am  
(beyond  th e  P stls  s ite )  also  d ire c ts  t r a n s c r ip t io n  of th is  r e s is ta n c e  
gene.
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F igure 3.3 (A). High re s o lu t io n  SI m apping  of t r a n s c r i p t s  w ith in  th e  
B c R s - K p n h  reg io n .  S in g le - s t r a n d e d  p ro b e  (IX 106 C e ren k o v  cpm .pm oles- 
x) w as g e n e r a te d  from mKM905 b y  e x ten s io n  from th e  u n iv e r s a l  p r im er  
a n d  d ig e s t io n  w ith  Hindlll (see  M ateria ls  a n d  M ethods, 2.3.18). 0.2pmoles 
of p ro b e  w ere  h y b r id iz e d  a t  55°C w ith  lOpg of RNA from  th e  following: 
(a) S. rimosus  M18883, p ro d u c in g  OTC (ca. 2mg.ml"1) in  t r u s o y a  medium 
1 (TS1); (b) S. rimosus  M15883S (a sp o n ta n e o u s  m u ta n t  of M15883 d e le ted  
fo r  th e  e n t i r e  OTC c lu s te r )  g row n  on TSB; (c); (d) an d  (e) d i f f e r e n t  
iso la te s  of S. lividans TK54 (pKMS605) g row n  on YEME co n ta in in g  
th i o s t r e p to n  (25pg.ml-1). All sam ples  w ere  d ig e s te d  w ith  SI nuc lease .  An 
a r ro w  in d ic a te s  th e  p o s i t io n  in  th e  M13mpl8 s e q u e n c in g  la d d e r  
c o in c id e n t  w ith  th e  p r o te c te d  p ro b e  b a n d  in  lane (a). V ertica l lines  ( j ) 
in d ic a te  th e  p o s it io n  a t  w h ich  p ro b e  p r o te c te d  b y  t r a n s c r i p t s  o r ig in a t in g  
from otrAp2  w ere  ex p e c te d  to  m igra te .  Shown a t  th e  bottom of th e  p an e l  
is  an  i n t e r p r e t a t i o n  of th e  SI n u c lea se  p ro te c t io n .  The w avy  a r ro w  
in d ic a te s  th e  e x te n t  of p ro b e  p ro te c t io n  by  t r a n s c r i p t s  o r ig in a t in g  f a r  
u p s t r e a m  of otrA.
C h a p te r  3 A n a ly s is  o f  P rom oter A c t iv i ty  U pstream  o f  o trA  92
mKM 9 0 5 mKM90 5
F LP
pFAR ►
f l amHI  ,
G G A T C C G T C A T C A G G T C G T A G A C C A C C A G C G C G C C G C C G G A G G G C A G C G C C T C G T G G A T G  
 +    +  +  +  ♦
C C T A G G C A G T A G T C C A G C A T C T G G T G G T C G C G C G G C G G C C T C C C G T C G C G G A G C A C C T A C
Kp n l
C G C G C G A G G A G C T T G C G C C G C T G C G G T A C C
G C G C G C T C C T C G A A C G C G G C G A C G C C A T G G
F igure 3.3 (B) High re so lu t io n  S I m app ing  of t r a n s c r i p t s  w ith in  th e
B c R ^ - K p n h  reg io n .  S in g le - s t r a n d e d  p ro b e  (IX 106 C eren k o v  cpm.pmoles" 
x) w as g e n e r a te d  from mKM905 by  e x ten s io n  from  th e  u n iv e r s a l  p r im e r  
a n d  d ig e s t io n  w ith  Hindlll (see  M ateria ls  a n d  M ethods, 2.3.18). 0.2 pmoles 
of p ro b e  d e r iv e d  from mKM905 w as h y b r id iz e d  w ith  lOpg of RNA from  th e  
following S. rimosus  s t r a in s :  (a) M15883S g row n  on TSB; (b) M4018 g row n  
on TSB, p r e p a r e d  b y  Doyle (1987); (c) M4018 g row n  on TSB ( th is  w ork )  
a n d  (d) M15883 g row n on TS1 a n d  p ro d u c in g  OTC (ca. 2mg.ml~1). An 
a r ro w  in d ic a te s  th e  p o s it io n  in  th e  mKM905 s e q u e n c in g  l a d d e r  
c o in c id e n t  w ith  th e  p r o te c te d  b a n d  s een  in  la n es  (b) to  (d). Show n a t  
th e  bottom  of th e  p an e l  is  th e  s e q u e n c e  of th e  B c R e - K p n h  r e g io n .  As 
th e  p r o d u c t s  of th e  mKM905 s e q u e n c in g  re a c t io n  in c lu d e  n u c le o t id e s  from  
th e  p o ly l in k e r  a n d  p r im er ,  th e  a c tu a l  5 ’ limit of th e  p ro te c t io n  b r o u g h t  
a b o u t  b y  t r a n s c r i p t s  w ith in  th i s  r e g io n  (<^ /w -j)  is 38n t u p s t r e a m  of 
th e  c o in c id e n t  p o s it io n  in  th e  mKM905 la d d e r  (*).
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3.2.4 T ra n sc r ip tio n  of o trA  d u r in g  OTC P ro d u c tio n  in  B atch  C u ltu re
p ro d u c tio n  of o x y te tra cy c lin e  was in v e s t ig a te d  u s in g  RNA iso la ted  from  
two d if fe re n t b a tc h  fe rm en ta tio n s ; (i) S. r im o su s  M4018 grow n on  L iquid  
Complete Medium (F ig u re  3.4) an d  (ii) S. r im o su s  M15883 g row n on TS1 
(a p ro d u c tio n  medium developed  by  P fizer; F ig u re  3.6). F o r c la r ity , th e  
S I n u c lease  p ro te c tion a n a ly se s  of RNA iso la ted  from  th e  d if fe re n t
In  each  case , a  s in g le -s tra n d e d  p ro b e  in c lu d in g  387nt of seq u en ce  
from  a  HincII s ite  be tw een  th e  SmaU an d  th e  BcRs s ite  to  th e  BamH.l6 
s ite  (see  F ig u re  3.1 fo r  th e  location of r e s t r ic t io n  s ite s )  w as sy n th e s iz e d  
from  mKM804 (C h ap te r 4) by  ex tension  * from  th e  u n iv e rs a l  (-20) p rim er 
a n d  d ig e stio n  w ith  EcoRI (M aterials a n d  M ethods, 2.3.18). T ra n s c r ip ts  
o rig in a tin g  from  o trA p l an d  f a r  u p s tream  p ro te c te d  DNA frag m e n ts  of 
166-167nt an d  387nt re sp e c tiv e ly , w hich  w ere  re so lv e d  easily  in  
d e n a tu r in g  po lyacry lam ide  gels (F ig u re s  3.5 a n d  3^*).
To ca lcu la te  th e  re la tiv e  ab u n d an ce  of t r a n s c r ip t s  o r ig in a tin g  from  
o trA p l an d  f a r  u p s tream , i t  was assum ed  th a t  rad io -la b e lle d  n u c leo tid es  
w ere ev en ly  d is tr ib u te d  along th e  e n tire  le n g th  of th e  p ro b e . U n d er 
s ta n d a rd  co n d itio n s , th e  H incll-BanM l p ro b e s  w ere  sy n th e s iz e d  from  
0.5pmoles of mKM804 tem pla te  in  th e  p re se n c e  of 16 pm oles of [a -32P] 
dATP an d  40 pmoles of "cold" dATP. The e ffic ien cy  w ith  w hich  ra d io ­
label w as in c o rp o ra te d  was alw ays g re a te r  th a n  65%, th a t  is  a t  le a s t 36 
pmoles of dATP w ere in c o rp o ra te d  in to  th e  p ro b e s . As 0.5pmoles of 
tem plate  was p re s e n t  in  th e  labelling  re a c tio n s , th e  a v e ra g e  p ro b e  would 
have in c o rp o ra te d  a t  le a s t  72 dATP n u c leo tid es . As th e  a v e ra g e  G+C 
c o n te n t of s trep to m y ce te  DNA is  73% mol (E n q u is t an d  B rad ley , 1971), th e  
p rim ers  shou ld  have  been  ex ten d ed , on a v e ra g e , b y  530 n u c leo tid es . 
T h e re fo re , th e  m ajo rity  of th e  re a c tio n  p ro d u c ts  sh o u ld  have  co n ta in ed  
th e  d o u b le -s tra n d e d  EcoRI s ite  u sed  to  p ro c e ss  th e  p ro b e .
t h e  tem pora l t r a n s c r ip t io n  of th e  otrA  r e s is ta n c e  gene  d u rin g  th e
fe rm en t will be p re s e n te d  sep a ra te ly ,
The t ra n s c r ip t io n  of otrA  a t  th e  o n se t of o x y te tra cy c lin e  (OTC) 
p ro d u c tio n  was exam ined u s in g  S. r im osus  M4018 g row n on L iquid  
Complete Medium, w hich p ro d u ces  ty p ic a lly  l-2m g.m l"1 of OTC a f te r  10-
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12 d ay s  (F ig u re  3.4). RNA iso la ted  from  S . r im o su s  M4018, b e fo re  an d  
a f te r  th e  f i r s t  tim e p o in t a t  w hich OTC w as f i r s t  d e tec te d  in  th e  medium, 
was a n a ly se d  b y  h ig h -re so lu tio n  S I n u c lea se  m apping u s in g  th e  H in cII-  
BamRI p ro b e  (F ig u re  3.5). The in te n s i ty  of th e  b a n d s  p ro d u c e d  b y  
a u to ra d io g ra p h y  was determ ined  b y  d e n s itro m e try  scan n in g  (M aterials 
an d  M ethods, 2.3.21). A fte r c o rre c tio n  fo r  d iffe re n c e s  in  th e  le n g th  of 
th e  ra d io - la b e lle d  frag m en ts , th e  b an d  c o rre sp o n d in g  to  0.01 pmoles of 
u n tre a te d  p ro b e  in  lane (a) w as show n to  be 2 to  10 fo ld  more a b u n d a n t 
th a n  th e  p ro b e  b a n d s  p ro te c te d  b y  th e  otrA  t r a n s c r ip ts  in  sam ples (c) 
to  (e). As th e  RNA sam ples w ere  h y b rid iz e d  w ith  O.lpmoles of p ro b e , th e  
molar ex cess  o f p ro b e  to  otrA  t r a n s c r ip ts  w as ca lcu la ted  to  be  b e tw een  
20 to  100 fo ld , w hich is  w ith in  th e  lim its recom m ended b y  Calzone a n d  
o th e rs  (1987). RNA iso la ted  from  S. r im o su s  M4018 g row n on TSB, w hich  
was a n a ly se d  p re v io u s ly  (F ig u re  3.3, P ane l B), w as u se d  a s  a  m ark e r to  
in d ica te  R N A -protected  frag m en ts  c o rre sp o n d in g  to  t r a n s c r ip ts  
o r ig in a tin g  from  o trA p l an d  fa r  u p s tre am  (lane b).
D uring  th e  p e riod  of ra p id  g ro w th , nam ely 24 h r s  a f te r  ino cu la tio n  
an d  b e fo re  th e  o n se t of OTC p ro d u c tio n , t r a n s c r ip ts  o r ig in a tin g  from  
o trA p l acco u n ted  fo r g re a te r  th a n  95% of th e  to ta l otrA  t r a n s c r ip t io n  
(F ig u re  3.5, P anel B). D uring th e  t r a n s i t io n  to  OTC p ro d u c tio n , th e  
re la tiv e  a b u n d an c e  of th e  otrA  t r a n s c r ip ts  c h an g e d  d ram atically . At 32 
h o u rs , w hen OTC was s till n o t d e tec te d  in  th e  c u ltu re  s u p e rn a ta n t ,  th e  
c o n tr ib u tio n  made by  o trA p l had  d e c re a se d  to  80%. D uring  th e  e a r ly  
p h ase  of OTC p ro d u c tio n , 56 h o u rs  a f te r  inocu la tion , t r a n s c r ip t io n  from  
th e  p ro m o te r(s) located  fa r  u p s tream  (pFAR) acco u n ted  fo r  51% of th e  
to ta l t ra n s c r ip t io n  of otrA. This s h if t  in  th e  re la tiv e  c o n tr ib u tio n  of p i  
a n d  pFAR to  th e  tra n s c r ip tio n  of o trA  w as accom panied b y  o v e ra ll 
d e c rea se  of approx im ate ly  80% in th e  a b u n d an c e  of otrA  t r a n s c r ip t s  
w ith in  th e  to ta l RNA popu la tion  (F ig u re  3.5, P anel B).
The tra n s c r ip tio n a l an a ly sis  d e sc r ib e d  so fa r ,  in c lu d in g  th a t  o f 
Doyle (1987), h as u tilised  subclones of DNA iso la ted  from  S. r im o su s  
M15883 an d  RNA iso la ted  from S. r im osus  M4018. The s t r a in  developm en t 
program m e, w hich d e riv ed  S. rim osus  M15883 from  S. r im osus  M4018
Chapter 3 A n a ly s is  o f  P ro m o te r  A c t iv i ty  U pstream  o f  o trA
120-
•100-
80-
60-
■u
20-
7 26 04 83 62 412
Time (hrs) after inoculation
■q
to
Q)
fc.
kU
Q
F ig u re  3.4. O x y te tracy c lin e  p ro d u c tio n  b y  5. r im o su s  M4018 
g ro w n  on  L iqu id  Complete M edium. T he g ra p h  is  d e r iv e d  from  6 
sam ples (0) ta k e n  from  d if f e r e n t  c u l tu r e s  (50ml), in o c u la te d  a t  
th e  sam e tim e w ith  107 s p o re s  a n d  in c u b a te d  in  an  o r b i ta l  
s h a k e r  a t  30°C. The •  sym bol in d ic a te s  th e  c o n c e n tra tio n  of OTC 
in  c u l tu r e s  from  w hich RNA w as iso la te d  a n d  s u b s e q u e n tly  u s e d  
in  S I  n u c lea se  p ro te c tio n  e x p e r im e n ts  (F ig u re  3.5). The sym bol 
•(• in d ic a te s  th e  d ry  w ie g h t (mg.ml"1) o f th e  m ycelium  a t  
d if f e r e n t  s ta g e s  in  th e  fe rm e n ta tio n .
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F igure 3.5. (A) S I  n u c le a se  m apping  of otrA t r a n s c r i p t s  in
to ta l  RNA iso la ted  from S. rimosus  M4018 g row n  on L iquid  
Complete Medium (LCM) (see  F ig u re  3.4). S in g le - s t r a n d e d  
p ro b e  (0.2pmoles, 2 .IX 107 C eren k o v  cpm.pmol-1) s y n th e s iz e d  
from mKM804 b y  e x ten s io n  from th e  u n iv e r s a l  p r im e r  an d  
d ig e s t io n  w ith  EcoRl (see  M ateria ls  a n d  M ethods, 2.3.18) was 
h y b r id iz e d  a t  55°C w ith  lOpg of RNA from M4018 g row n on LCM 
fo r  24, 32 a n d  5 6 h rs  ( lanes  c, d a n d  e). RNA iso la ted  from 
M4018 g row n  on  TSB w as also  in c lu d e d  to  p ro v id e d  m a rk e r s  
fo r  th e  R N A -pro tec ted  f r a g m e n ts  c o r r e s p o n d in g  to  
t r a n s c r i p t io n  from otrApl  a n d  f a r  u p s t re a m ,  w hich  a re  
in d ic a te d  b y  p i  a n d  pFAR re s p e c t iv e ly  (lane b). The position  
of f u l l - l e n g th  p ro b e  (FLP) is  a lso  shown. 0.01 pmoles of 
u n t r e a t e d  p ro b e  w ere  a lso  loaded  on th e  gel (lane a).
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F ig u re  3.5 (B) H istogram  show ing  th e  r e s u l t s  of q u a n tita tiv e  
a n a ly s is  of th e  otrA  t r a n s c r ip t s  o r ig in a tin g  from  p i  an d  f a r  
u p s tre a m  in  to ta l RNA iso la ted  from  S. r im o su s  g ro w n  on LCM. 
A b u n d an ce  es tim ates  w ere  o b ta in e d  b y  d e n s i t ro m e try  scan n in g  
of a u to ra d io g ra p h s  (M aterials a n d  M ethods, 2.3.21) p ro d u c e d  b y  
d if f e r e n t  e x p o su re s  to  th e  d e n a tu r in g  p o ly acry lam id e  gel in  
w hich  R N A -protected  fra g m e n ts  h ad  b e en  re so lv e d .
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th ro u g h  s e v e ra l ro u n d s  of m u tag en es is  a n d  se lec tio n  fo r  s u rv iv o rs  th a t  
p ro d u c e d  h ig h e r  t i t r e s  of OTC, h a s  a lm ost c e r ta in ly  lead  to  seq u en ce  
d iffe re n c e s  w ith in  th e  OTC c lu s te r  of th e s e  two s tra in s .
To o b ta in  RNA th a t  would be com pletely  hom ologous w ith  th e  DNA 
p ro b e s  an d  could , th u s , be u se d  to  an a ly se  th e  t r a n s c r ip t io n  of th e  
e n tire  OTC c lu s te r , a  s h o r t  p e rio d  of tim e w as s p e n t  a t  th e  P fize r  
la b o ra to r ie s  in  Sandw ich. C u ltu re  co n d itio n s  w ere  d eveloped  fo r  S. 
rim o su s  M15883 th a t  y ie lded  re p ro d u c ib le  o x y te tra cy c lin e  p ro file s , th u s  
en ab lin g  RNA to  be iso la ted  a t  d if f e re n t  s ta g e s  d u rin g  th e  p ro d u c tio n  of 
OTC.
A liquots (1ml) of a  s ta t io n a ry  p h a se  c u ltu re  of S. r im o su s  M15883 
grow n in  L iquid  Complete Medium (LCM) w ere  u sed  to  in o cu la te  TS1 
p ro d u c tio n  media (50 ml) in  E rlenm eyer f la sk s  (300 ml). The c u ltu re s  
w ere  in c u b a te d  on a  ro ta ry  s h a k e r  w ith  a  4cm s tro k e  a t  28°C. Sam ples 
of th e  s u p e rn a ta n t  w ere a n a ly sed  f r e q u e n tly  fo r  OTC a n d  RNA w as 
iso la ted  a t  d if fe re n t p h a se s  in  th e  fe rm en ta tio n  (F ig u re  3.6).
I t  w as n o t possib le  to  d e term ine  a  g ro w th  p ro file  fo r  S. r im o su s  
M15883, a s  th e  p ro d u c tio n  medium (TS1) co n ta in ed  a  colloidal su sp e n s io n  
of so y a  f lo u r an d  s ta rc h  an d  an  em ulsion of v eg e tab le  oils, w hich  
in te r f e re d  w ith  th e  estim ations of g ro w th  u s in g  o p tica l d e n s ity  
m easu rem en ts  an d  d ry  w eigh t d e te rm in a tio n s. F u rth e rm o re , RNA could  
only  be iso la ted  a f te r  in cu b a tio n  fo r  18 h o u rs , as  th e  soya  f lo u r  a n d  
s ta rc h , w hich w ere no t u tilised  a s  s u b s t r a te s  fo r  g ro w th  d u r in g  th e  
e a r ly  s ta g e s  of th e  fe rm en ta tio n , form ed an  im perv ious "n o u g a t-lik e "  
la y e r  a ro u n d  th e  mycelium w hen th e y  w ere  h a rv e s te d  b y  e i th e r  
c e n tr ifu g a tio n  o r  filtra tio n .
High reso lu tio n  S I n u c lease  p ro te c tio n , a s  d e sc r ib e d  in  th e  
p re v io u s  sec tion , was em ployed to  a n a ly se  th e  RNA iso la ted  from  c u l tu re s  
of S, r im osus  M15883 a t  d if fe re n t s ta g e s  d u r in g  th e  p ro d u c tio n  p h a se  
(F ig u re  3.7; sam ples d to  g). The m ost s tr ik in g  fe a tu re s  of th is  a n a ly s is  
w ere (i) th e  ab sence  of d e tec tab le  am ounts of t r a n s c r ip ts  from  o trA p l 
an d  (ii) th e  t ra n s ie n t  peak  in  th e  a b u n d an c e  of otrA  t r a n s c r ip ts  from
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F ig u re  3.6. O x y te tracy c lin e  p ro d u c tio n  b y  S . n m o s u s  
g row n  in  T ru so y a  Medium 1. T he p lo t is  d e r iv e d  from  14 
sam ples (0) ta k e n  from  d if f e r e n t  (50ml) c u l tu r e s ,  in o c u la te d  a t  
th e  sam e tim e and  in c u b a te d  u n d e r  s ta n d a rd is e d  co n d itio n s . 
The ( • )  sym bol in d ic a te s  th e  c o n c e n tra tio n  of OTC in  c u l tu re s  
from  w hich RNA w as iso la te d  f o r  S I n u c le a se  p ro te c tio n  
e x p e rim en ts  (see F ig u re  3.7).
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F ig u re  3.7. (A) SI n u c le a se  p ro te c t io n  by  t r a n s c r i p t s  of th e  otrA
r e s i s t a n c e  g ene  from S. rimosus  M15883 g row n on TS1. S in g le - s t r a n d e d  
p ro b e  (2.9X 107 C e re n k o v  cpm.pmol"1), was g e n e r a te d  by  ex ten s io n  from 
u n iv e r s a l  p r im er ,  w h ich  w as a n n ea led  to  mKM804, a n d  d ig e s t io n  w ith  
E'coRI (M ateria ls  a n d  M ethods, 2.3.18). 0.2pmoles of p ro b e  was 
h y b r id iz e d  a t  52°C w ith  lOyg of RNA from  th e  following: (a) S. rimosus 
M15883S g row n  on TSB medium; (b) S. rimosus  M4018 g row n  on  TSB 
( p r e p a r e d  b y  Doyle, 1987); (c) S. rimosus  M4018 g row n  on TSB medium 
( th is  w ork); (d); (e); (f) a n d  (g) S. rimosus  M15883 g row n  on TS1 ( the  
OTC p ro d u c t io n  medium) fo r  18, 46, 69, a n d  93 h o u r s  re s p e c t iv e ly ;  (h) 
a n d  (i) a s  (b) a n d  (c) r e s p e c t iv e ly .  Sam ples (a) to  (g) w ere  d ig e s te d  
w ith  S I n u c lease .  E xonuclease  VII was u s e d  to  d ig e s t  sam ples  (h) an d
(i). The p o s i t io n s  in  th e  mKM804 s e q u e n c in g  la d d e r  t h a t  a r e  c o in c id en t  
w ith  th e  R N A -pro tec ted  f r a g m e n ts  d e r iv e d  from t r a n s c r i p t s  o r ig in a t in g  
from  o trA p l  a n d  f a r  u p s t r e a m  a r e  in d ic a te d  b y  p l  a n d  pFAR. The 
p o s it io n  of p ro b e  p r o te c te d  a long i t s  e n t i r e  le n g th  by  con tam in a tin g  
tem p la te  DNA (FLP) is  a lso  in d ica te d .
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F ig u re  3.7. (B) H istogram  sh o w ing  th e  r e s u l t s  of q u a n ti ta t iv e  
a n a ly s is  of th e  otrA  t r a n s c r ip t s  o r ig in a tin g  from  p l  an d  f a r  
u p s tre a m . A b u n d an ce  e s tim ates  w ere  o b ta in e d  b y  d e n s itro m e try  
sc a n n in g  (M aterials a n d  M ethods, 2.3.21) o f a u to ra d io g ra p h s  
p ro d u c e d  b y  d if f e r e n t  e x p o su re s  to  th e  d e n a tu r in g  
p o ly acry lam id e  gel in  w hich th e  R N A -pro tec ted  fra g m e n ts  h ad  
b een  re so lv e d  (p an e l A).
(]5>
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f a r  u p s tre am  a t  th e  o n s e t of an tib io tic  p ro d u c tio n . The ab u n d an c e  of 
otrA  t r a n s c r ip ts  from  pFAR w ith in  th e  to ta l RNA p o p u la tio n  in c re a se d  b y  
a  fa c to r  of 4, betw een  22 an d  46 h o u rs . O ver th e  n e x t two tim e p o in ts , 
69 an d  93 h o u rs , th e  lev e l of th e se  t r a n s c r ip ts  d ec lin ed  s te a d ily  to  
alm ost th e  22 h o u r level. This p a t te r n  of tra n s c r ip t io n  from  pFAR h as  
b een  re p ro d u c e d  in  a  s e p a ra te  S 1 -n u c lease  p ro te c tio n  ex perim en t 
( r e s u lt  n o t show n). RNA could  n o t be iso la ted  from  c u l tu re s  o ld e r th a n  
100 h o u rs , su g g e s tin g  th a t  th e  m a jo rity  of p ro te in  s y n th e s is  a n d  ce llu la r 
m etabolism  had  ceased  b y  th is  p o in t in  th e  fe rm en ta tio n .
Exonuclease VII d ig e stio n  of h y b rid iz a tio n  com plexes form ed 
betw een  th e  HincII-BamRI p ro b e  an d  RNA from  S. r im o su s  M4018 
(F ig u re  3.7, lan es  b an d  c) p ro d u c e d  R N A -protected f ra g m e n ts  of sim ilar 
size to  th o se  p ro d u ced  b y  S I nu c lease  d ig e stio n  (F ig u re  3.7, la n es  h  an d  
i). T his in d ica ted  th a t  th e  p ro p o sed  tr a n s c r ip t io n  s t a r t  s ite s  fo r  o trA p l  
a t  200-221nt (Doyle, 1987) w ere  n o t an  a r t i f a c t  o f en d o n u cleo ly tic  
c leavage  a t  a  s ite  of sec o n d a ry  s t r u c tu r e  c au se d  b y  a  b reak d o w n  in  
com plem entarity  betw een  th e  otrA  m essage iso la ted  from  S. r im osus  
M4018 an d  th e  DNA p ro b e  d e riv e d  from  S. r im o su s  M15883. E xonuclease 
VII can  on ly  d ig e s t u n p ro te c te d  p ro b e  from  th e  3* an d  5* e n d s  to  w ith in  
5 -7 n t of th e  DNA-RNA h y b r id  (Rose a n d  B o tste in , 1983). C o n seq u en tly , 
th e  Exonuclease V H -re s is ta n t frag m e n ts  (lanes h a n d  i) a re  10-14nt 
lo n g e r th a n  th e  co rre sp o n d in g  S I n u c le a s e - re s is ta n t  f ra g m e n ts  (lanes b 
an d  c).
3.3 D iscussion
The nuclease  p ro te c tio n  experim en ts  a n d  in  v ivo  p ro m o ter 
a n a ly s is  d e sc rib e d  in  th is  c h a p te r , h ave  show n c le a r ly  th a t  th e  otrA  
re s is ta n c e  gene is t ra n s c r ib e d  from  o trA p l an d  a  p ro m o te r(s ) located  
fa r  u p s tream , th e  fo rm er resem bling  th e  p ro k a ry o tic  c o n se n su s
seq u en ce  (Doyle, 1987). I t  is  now b e lieved  th a t  o v e rd ig e s tio n  of a  DNA- 
p ro b e , w hich was p ro te c te d  by  t r a n s c r ip ts  o r ig in a tin g  from  fa r  u p s tre am  
of otrA, w ith S I nuclease  led p re v io u s ly  to  th e  e rro n e o u s  id e n tif ic a tio n  
of a  p rom oter th a t  o v e rlap p ed  th e  BamRl6 s ite  (Doyle, 1987).
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In te re s tin g ly , th e  maximum level of kanam ycin  re s is ta n c e  c o n fe rre d  by  
pKMS605 (con ta in ing  th e  305bp BcKs-Kprili reg io n ) is  a t le a s t  th re e  fold 
g re a te r  th a n  th a t  c o n fe rre d  b y  pDM130 (co n ta in in g  th e  SmaL^-BanMls 
reg io n ). The p IJ4 8 6 -c o n s tru c t pDMHO, th a t  c o n ta in s  th e  BcRs-BamBls 
re g io n , c o n fe rre d  th e  same level of re s is ta n c e  a s  pDM130 (Doyle, 1987). 
The in c re a se d  kanam ycin  levels  spec ified  b y  pKMS605 a p p e a re d  to  be 
co in c id en t w ith  th e  in c lu s io n  of th e  91bp BamHl6-Kpnh  reg io n  in  th e  
cloned  DNA.
T etracy c lin e  re s is ta n c e  in  S . r im osus  ATCC 10970 an d  S. rim osus  
M4018 can  be in d u c ed  b y  p re -e x p o su re  to  s u b - le th a l  c o n c e n tra tio n s  of 
te tra c y c lin e  (O hnuki e t  ah, 1985; Lee, u n p u b lish e d  r e s u lts ) .  The otrA  
homologue from S, r im o su s  ATCC 10970, d e s ig n a te d  te tA , h a s  b een  cloned 
in  S trep to m y c es  g r is e u s  u s in g  a  plasm id v e c to r . The d em o n stra tio n  th a t  
ex p re ss io n  of te tA  w as also in d u c ib le  in  th is  h e te ro lo g o u s  h o s t 
su g g e s te d  th a t; (i) an y  DNA segm ent(s) re q u ire d  fo r  th e  reg u la tio n  of 
te tA  ex p ress io n  w as a lso  cloned  in  th e  plasm id, (ii) S. g r is e u s  co n ta in ed  
th e  n e c e s sa ry  fa c to r(s )  re q u ire d  fo r th e  in d u c tio n  of te tA  ex p re ss io n  
an d  (iii) th a t  th e  in d u c tio n  m echanism (s) w as n o t u n iq u e  to  S, r im osus  
o r o x y te tracy c lin e  b io sy n th e s is . The in d u c tio n  of h ig h  lev e ls  of 
te tra c y c lin e  re s is ta n c e  c o n fe rre d  by  te tA  h a s  n o t b een  in v e s tig a te d  
fu r th e r .
In  E. coli an d  Salmonella typh im urium  th e  tra n s p o so n  TnlO c a r r ie s  
two g en es , tetA  a n d  te tR , w hich co n fe r h ig h -le v e l, in d u c ib le  re s is ta n c e  
to  te tra c y c lin e  (Kaneko e t  ah , 1985). The amino acid  seq u en ce  of th e  
d ed u ced  te tA  p ro te in  h as  h igh  id e n tity  to  th e  p re d ic te d  amino acid  
seq u en ce  of th e  te tB  (o trB ) gene p ro d u c t from  S . rim o su s  (R eynes e t  
al., 1988). The p ro te in  p ro d u c ts  of b o th  te tA  o f TnlO an d  te tB  of S. 
rim osus  have  b een  show n to  m ediate th e  e fflux  of te tra c y c lin e  from  th e  
cell (Kaneko e t ah , 1985; O hnuki e t al.t 1985). The te tR  gene  encodes a 
r e p re s s o r  p ro te in  w hich re g u la te s  n eg a tiv e ly  tra n s c r ip t io n  of b o th  th e  
te tA  an d  te tR  g en es , w hich a re  t r a n s c r ib e d  from  d iv e rg e n t, o v e rlap p in g  
p ro m o ters . T e tracy c lin e  b in d s  to th e  te tR  r e p r e s s o r  re d u c in g  i ts  a ff in ity  
fo r  th e  te t  o p e ra to r  an d  th u s , in d u ces  ex p re ss io n  of b o th  te tA  an d  te tR  
(Hillen e t  ah, 1984). S equencing  of th e  a c t  c lu s te r  of S. coelicolor
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w ith in  a  re g io n  th a t  c o n fe rs  re s is ta n c e  to  ac tin o rh o d in  h as  id e n tif ie d  
PPCRs, w hich  a re  p re d ic te d  to  encode p ro te in s  w ith  h ig h  amino ac id  
seq u en ce  id e n tity  to  th e  TnlO te tA  an d  te tR  p ro d u c ts  (Hopwood, p e rs . 
comm.). I t  is  p o ssib le  th a t  ac tin o rh o d in  a c ts  a s  a n  in d u c e r  of re s is ta n c e  
in  S. coelicolor.
S eq u en c in g  of th e  otc  c lu s te r  of S. r im o su s  a ro u n d  th e  
re s is ta n c e  d e te rm in a n ts  h as  no t id e n tif ie d  a n y  PPCR w hich  is  p re d ic te d  
to  encode a  re g u la to ry  p ro te in  th a t  is  hom ologous to  th e  te tR  p ro te in  
from  TnlO. I t  is  u n lik e ly , th e re fo re , th a t  th e  DNA frag m e n ts  from  5. 
rim o su s , w hich  co n fe r te tra c y c lin e  re s is ta n c e  in  S', g r is e u s  (O hnuki e t  
al,, 1985), encode a  re g u la to ry  gene sim ilar to  te tR  of TnlO. The 
m echanism  b y  w hich te tra c y c lin e  re s is ta n c e  in  S. g r is e u s  can  be in d u ced  
rem ains to  be e lu c id a ted . 5. g r is e u s  may encode  a  re g u la to ry  p ro te in , 
w hich is  sim ilar to  te tR  an d  b in d s  to  a  re g u la to ry  seq u en ce  w ith in  th e  
p ro m o ter re g io n  of te tA  {otrA) from  S. r im o su s  an d  th u s  b locks 
tra n s c r ip tio n . However, th is  p ro p o sa l ra is e s  a  num ber of q u e s tio n s . 
What a re  th e  h o s t-e n co d e d  gene(s) th a t  th e  p u ta tiv e  re g u la to r  p ro te in  
would re g u la te  norm ally? How do* s u b - le th a l c o n c e n tra tio n s  of 
te tra c y c lin e  in d u ce  te tra c y lin e  re s is ta n c e ?  Does te tra c y c lin e  b in d  th e  
p u ta tiv e  re g u la to ry  p ro te in , d ec reasin g  i t s  a f f in ity  fo r  an  o p e ra to r?  5. 
g r is e u s  is  n o t know n to  p ro d u ce  an y  se c o n d a ry  m etabo lites, w hich  a re  
re la te d  s t ru c tu ra l ly  to  te tra cy c lin e . W hat is  th e  s t r u c tu r e  of th e  
in d u c e r?  Can su b - le th a l c o n ce n tra tio n s  o f  o th e r  a n tib io tic s  in d u ce  
te tra c y c lin e  re s is ta n c e  in  tra n s fo rm a n ts  of S . g r is e u s  co n ta in in g  
re s is ta n c e  d e te rm in an ts  from  S. rim osuS?  A lthough  th e r e  a re
p re c e d e n ts  fo r  r e p re s s o r / in d u c tio n  m echanism  in  re g u la tin g  te tra c y c lin e  
re s is ta n c e  in  TnlO and  p o ssib ly  a c tin o rh o d in  re s is ta n c e  in  S . coelicolor, 
i t  is  p o ssib le  th a t  th e  induc ib le  te tra c y c lin e  re s is ta n c e  c o n fe rre d  by  S. 
rim osus  d e te rm in a n ts  in  S. g r ise u s  is  m ediated  b y  an  a lte rn a t iv e , 
unknow n m echanism . A nalysis o f ' th e  o trA p l p ro m o ter reg io n  h a s  n o t 
id en tified  a n y  seq u en ce , w hich is  sim ilar to  th e  te t  o p e ra to r  in  TnlO 
(Hillen e t ah, 1986).
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As th e  minimum le n g th  of c loned  DNA th a t  could  c o n fe r in d u c ib le  
te tra c y c lin e  re s is ta n c e  w as 2.5kb (O hnuki e t  ah, 1985) an d  th e  p ro te in  
cod ing  seq u e n c e  of otrA  e x ten d s  fo r  2kb (Doyle, 1987), a n y  re g u la to ry  
seq u e n c es  r e q u ire d  fo r in d u c ib le  e x p re ss io n  a re  p ro b a b ly  con ta ined  
w ith in  500bp u p s tre am  of tra n s la t io n  s t a r t  codon of tetA . A ssum ing th a t  
th e  tra n s c r ip t io n a l  o rg an isa tio n  an d  re g u la tio n  of OTC b io sy n th e s is  a re  
sim ilar in  S. r im osus  M15883 a n d  ATCC 10970, i t  is  p o ssib le  th a t  th e  
pKMS605 c o n s tru c t ,  w hich co n ta in s  seq u en ce  ex ten d in g  from  o trA p l to  
435bp u p s tre a m  of th e  p ro te in  cod ing  re g io n  seq u en ce  of o trA , 
co n ta in s  a n y  re g u la to ry  seq u e n c es  re q u ire d  fo r  th e  in d u c ib le  ex p re ss io n  
of otrA . This could  be te s te d  eas ily  b y  in tro d u c in g  pKMS605 in to  S. 
g r is e u s  a n d  determ in ing  if kanam ycin  re s is ta n c e , w hich is  c o n fe rre d  b y  
th e  a p h l l  r e p o r te r  gene, can  be in d u c ed  b y  p re -e x p o su re  to  s u b - le th a l 
co n c e n tra tio n  of te tra c y c in e  (a n d /  o r  o x y te tra cy c lin e ) . I t  would a lso  be 
in te re s t in g  to  determ ine  if e x p re ss io n  of th e  a p h l l  gene  can  also  be 
in d u ced  b y  te tra c y c lin e  in  th e  S. liv id a n s  tra n s fo rm a n ts  co n ta in in g  
PKMS605.
A lthough  th e  in d u c tio n  of ex p re ss io n  of otrA  o r te tA  h a s  n o t been  
in v e s t ig a te d  f u r th e r ,  th e  s ig n ific a n tly  low er kanam ycin  re s is ta n c e  levels  
c o n fe rre d  b y  pDM130 an d  pDMHO com pared  w ith  pKMS605 could  r e s u l t  
from  th e  d is ru p tio n  of th e  m echanism (s) w hich  re g u la te s  ex p re ss io n  of 
otrA . As th e re  a re  220bp betw een  th e  tra n s c r ip t io n  s t a r t  s ite s  of o trA p l 
an d  th e  BamKl6 s ite , seq u en ce(s) d is ta n t  from  th is  p ro m o ter could  be 
im plicated  in  th e  re g u la tio n  of otrA  e x p re ss io n . A lthough, th e  b in d in g  
of r e g u la to ry  p ro te in (s )  to  reco g n itio n  seq u e n c es  on DNA f a r  from  th e  
p o in t of tra n s c r ip t io n  in itia tio n  w as d isco v e re d  in itia lly  in  e u k a ry o tic  
cells, s im ilar re g u la to ry  in te ra c tio n s  h av e  b een  found  in  p ro k a ry o te s  
(fo r an  overv iew  see M agasanik an d  N e id h ard t, 1987; M agasanik , 1989) 
an d  may be im p o rtan t in  re g u la tin g  th e  tr a n s c r ip t io n  from  o trA p l. I t  
is  en v isa g e d  g en era lly  th a t  DNA looping  (P ta sh n e , 1986) fa c ilita te s  
p ro te in s  bound  a t  a  d is tan ce  from th e  p ro m o ter seq u en ce  to  in te ra c t  
e i th e r  w ith  o th e r  re g u la to ry  p ro te in s  bou n d  n e a r  to  th e  p ro m o te r o r  
w ith  th e  RNA polym erase  d irec tly . F or exam ple, th e  re p re s s io n  of 
t r a n s c r ip t io n  of th e  lacZYA opero n  in  E. coli re q u ire s  th e  co o p era tiv e  
b in d in g  of th e  la d  r e p re s s o r  to  two o p e ra to r  s ite s  (fo r rev iew  see
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G ralla, 1989 ). The p r im a ry  o p e ra to r  Oi o v e rla p s  w ith  th e  p rom oter 
seq u en ce  (G ilbert e t al., 1976), while th e  se c o n d a ry  o p e ra to r  O2 is  
located  w ith in  th e  ladL gene, 401bp dow nstream  of th e  t ra n s c r ip t io n  
s t a r t  p o in t (Reznikoff e t  al., 1974). The lac r e p r e s s o r  h a s  b een  show n 
to  b in d  sim ultaneously  to  Oi an d  O2, c au s in g  th e  in te rv e n in g  DNA to  
be looped o u t (Kram er e t al., 1988). The c o o p e ra tiv e  b in d in g  of th e  
r e p re s s o r  to  b o th  of th e se  o p e ra to r  s ite s  is  th o u g h t  to  r e p re s s  
t ra n s c r ip t io n  of lacZ in  two w ays; (i) by  tig h te n in g  th e  in te ra c tio n  of 
th e  r e p re s s o r  bound  a t  Oi, th e re b y , p re v e n tin g  RNA p o lym erase  from  
b in d in g  to  th e  p ro m o ter an d  (ii) b y  p re v e n tin g  th e  tr a n s c r ip t io n  of 
lacZ p ro ceed in g  b ey o n d  th e  sec o n d a ry  o p e ra to r  (O2), w ith in  th e  13- 
g a lac to s id ase  gene (F la sh n e r  an d  Gralla, 1988). An analo g o u s a rra n g e m e n t 
of o p e ra to r  s ite s  h as  a lso  b een  fo u n d  in  th e  a r a  o p e ro n  (Huo e t  al., 
1988; Hamilton and  Lee, 1988) an d  th e  gal o p e ro n  ( I ra n i e t  a l ,  1983; 
H aber an d  Adhya, 1988). The m echanism s w hich h ave  b een  p ro p o se d  to  
re g u la te  t ra n s c r ip tio n  of th e  ara  an d  gal o p e ro n s  a lso  invo lve  th e  
co o p era tiv e  b in d in g  of r e p re s s o r  p ro te in  an d  th e  loop ing  o u t of DNA. 
Should  tra n s c r ip tio n  from  o trA p l be s u b je c t  to  re p re s s io n  (a lth o u g h  
th e re  is  no experim en tal ev id en ce  to  d is tin g u ish  b e tw een  an  a c tiv a tio n  
o r  re p re s s io n  m echanism ), i t  is  d iff icu lt to  e n v isa g e  how th e  ad d itio n  
of an  u p s tream  reg io n  w ould lead  to  " d e re p re s s io n " .
The d isp a r ity  in  th e  lev e l of re s is ta n c e  to  kanam ycin  c o n fe rre d  
b y  pDM130 and  pKMS605 could  be exp lained  sh o u ld  maximum 
tra n s c r ip t io n  from  o trA p l re q u ire  an  in te ra c tio n  w ith  a  p ro te in  bou n d  to  
DNA fa r  u p stream  (a t le a s t  200bp) of th e  tra n s c r ip t io n  s t a r t  po in t. In  
p ro k a ry o te s , only  a  s in g le  example of a  p a th w ay -sp e c if ic  a c tiv a to r  
p ro te in , w hich b in d s  a t  a  d is ta n ce  from  p ro m o ter s eq u e n c es , h as  b een  
d e sc rib e d . The p rom oter of th e  glnALG  o p e ro n  is  c o n tro lled  b y  th e  
n itro g e n  re g u la to r  NRi (also called  NtrC o r GlnG), w hich  is  a c tiv a te d  b y  
p h o sp h o ry la tio n  in  re sp o n se  to  n itro g en  s ta rv a tio n  (fo r rev iew  see  
M agasanik, 1988). The looping of DNA is  th o u g h t to  fa c ilita te  th e  
ac tiv a tio n  of RNA polym erase holoenzym e Ea54, w hich is  p re b o u n d  to  th e  
p rom oter, by fac ilita tin g  an  in te ra c tio n  w ith  p h o sp h o ry la te d  NRi (P-NRi) 
bound  ab o u t lOObp u p s tre am  of th e  tra n s c r ip t io n  s t a r t  p o in t (S asse - 
Dwight an d  Gralla, 1988). The b in d in g  s ite  fo r  P-NRi can  be moved m ore
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th a n  a  k ilobase  aw ay from  th e  p ro m o ter a n d  s till  fa c ilita te  
tra n s c r ip t io n a l  ac tiv a tio n  (R eitzer an d  M agasanik, 1986). A sim ilar 
a c tiv a tio n  m echanism  h as also b een  id e n tif ie d  in  o th e r  sy s tem s  re g u la te d  
b y  n itro g e n , fo r  example, th e  tra n s c r ip t io n a l  a c tiv a tio n  of th e  form ate  
d e h y d ro g e n a se  gene in  E. coli (Gralla, 1990). I t  h as  b een  p ro p o se d  th a t
Ea54 is a  spec ific  re c e p to r  fo r  th e  NRi re g u la to r  (Gralla, 1989 ).
The an a ly s is  of tra n s c r ip t io n a l  a c tiv a tio n  b y  th e  OmpR p ro te in  
h a s  re v e a le d  th a t  a c tiv a tio n  can  be m ediated  from  locatio n s  sev e ra l
tu r n s  of th e  DNA helix aw ay so long  a s  th e  b in d in g  s ite  rem ains on th e  
o rig in a l s ide  of th e  DNA (Maeda e t al., 1988). H ow ever, th e  ab ility  to
a c tiv a te  tra n s c r ip t io n  d im inished  s ig n if ic a n tly  w ith  d is ta n ce . I t  w as
s u g g e s te d  th a t  a c tiv a to r  p ro te in s  su ch  a s  CRP an d  OmpR, w hich 
a c tiv a te  Ea70, may be un ab le  to  a c t  o v e r long  d is ta n c e s  in  E. coli
(G ralla e t  a l ,  1989 ). To d a te , th e  tra n s c r ip t io n a l  a c tiv a tio n  of th e  
s tab le  RNA (ribosom al an d  t r a n s f e r  RNA) o p e ro n s  of E. coli by  th e  
b in d in g  of FIS to  DNA d e te rm in an ts  u p  to  130bp u p s tre a m  of th e  
t ra n s c r ip t io n  s t a r t  s ite s  (N ilsson e t  al., 1990) r e p re s e n ts  th e  f u r th e s t  
d is ta n c e  th a t  a  p ro te in  bound  to  DNA has  b een  show n to  a c tiv a te  
t ra n s c r ip t io n  b y  Ea70.
In  Bacillus su b tilis , h y p e rp ro te a se  p ro d u c tio n  (h p r ) m u tan ts  have  
b een  iso la ted , w hich re s u l t  in  in c re a se d  ex p re ss io n  of th e  n e u tra l  
p ro te a se  (n p rE ) an d  a lkaline  p ro te a se  (aprE ) g en es  (H enner e t  al., 1988).
N o rth e rn  an a ly s is  has show n th a t  th e  h p r  m u ta tions a ffe c t th e
e x p re ss io n  of th e  aprE  gene a t  th e  lev e l of t r a n s c r ip t io n  (F e r ra r i  e t al., 
1988). Deletion an a ly s is  of a p rE ’- ’lacZ  fu s io n s  in  h p r  m u tan ts  h a s  
re v e a le d  th a t  stim ulation  by h p r  is  lo s t som ew here b e tw een  200 an d  
400bp u p s tream  of th e  tra n s c r ip t io n  in itia tio n  s ite . A lthough  th e  
m echanism  b y  w hich aprE  ex p re ss io n  is  a c tiv a te d  rem ains to  be 
e lu c id a ted , th is  example n e v e r th e le s s  d em o n stra te s  th e  im portance  of 
DNA d e te rm in an ts  located  " fa r  u p s tre a m ”, in  re g u la tin g  gene  ex p ress io n . 
T h e re fo re , i t  is  a  form al p o ssib ility  th a t  maximum e x p re ss io n  of o trA  
r e q u ire s  re g u la to ry  seq u en ces  located  w ith in  th e  Bam¥ll6-Kprili re g io n , 
a t  le a s t  220bp u p stream  of th e  tra n s c r ip t io n  s t a r t  p o in t of o trA p l.
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The d iffe re n c e s  in  kanam ycin  lev e ls  b e tw een  pDMllO a n d  pKMS605 
cou ld  a lso  re f le c t  d iffe re n c e s  in  th e  topo logy  of th e  DNA in  th e  
im m ediate v ic in ity  of o trA p l. I t  is  well e s ta b lish e d  th a t  p rom oter 
fu n c tio n  in  v iv o  a n d  in  v itr o  can  be in flu en ced  s tro n g ly  b y  th e  level 
of DNA su p erco ilin g  (fo r rev iew , see D rlica, 1987). F o r exam ple, th e  
sp ec ific  in d u c tio n  of t r a n s c r ip t io n  of th e  p roU  loci of E sh erich ia  coli an d  
Salm onella typ h im urium  is  m ediated  b y  ch an g es  in  th e  DNA su p e rh e lic ity  
in  v iv o  in  re sp o n se  to  osm otic s t r e s s  (H iggens e t  al., 1988). A nalysis of 
th e  le u - 500 p ro m o ter of S. typ h im urium  (R ichardson  e t  al., 1988) h as  
show n th a t  local r a th e r  th a n  global ch an g es  in  DNA to p o lo g y  can be 
im p o rtan t in  a c tiv a tin g  tra n s c r ip tio n . W hilst c h a n g e s  in  th e  topo logy  of 
DNA will c le a rly  be in flu en ced  b y  ch an g es  in  th e  a c tiv itie s  of 
topo isom erase  I an d  g y ra s e , th e  local topo logy  may a lso  be d e p en d e n t 
on th e  b in d in g  of p ro te in s  su ch  a s  HU an d  HI (th e  g e n e ra l h is to n e -lik e  
DNA-binding p ro te in s )  o r  more spec ifica lly  b y  fa c to rs  sim ilar to  FIS 
(F ac to r fo r  In v e rs io n  Stim ulation: d e sc r ib e d  b y  Kahman e t  al., 1985;
Jo h n so n  an d  Simon, 1985) o r  IHF (In te g ra tio n  H ost F ac to r: d e sc r ib e d  b y  
C raig an d  Nash, 1984).
A lthough a  num ber of in v e r te d  re p e a ts  a n d  d ire c t  r e p e a ts ,  w hich 
cou ld  be th e  b in d in g  s ite s  fo r  re g u la to ry  p ro te in s , a re  p re s e n t  
u p s tre am  of o trA p l in  th e  reg io n  in s e r te d  in  th e  pKMS605 c o n s tru c t  
( r e s u lt  n o t show n), no seq u en ce  sim ila rity  h as  so f a r  b een  d e tec te d  to  
a n y  c o n se n su s  b in d in g  s ite s  fo r DNA-binding p ro te in s . I t  would n o t 
be c o n s tru c tiv e  to  d isc u ss  th e  re p e a ts  located  u p s tre am  of o trA  in  a n y  
de ta il, as  s tre p to m y c e te s  have  an  in h e re n t  c ap a c ity  to  from  su ch  
s t r u c tu r e s  a t  h ig h  f re q u e n c y , due to  th e  h ig h  G+C com position of th e  
DNA an d  th e  r e s tr ic te d  u se  of synonym ous codons.
The above is n o t in te n d e d  to  be an  e x h au s tiv e  d iscu ss io n  of th e  
m echanism s w hich could acco u n t fo r  th e  d is p a r i ty  in  th e  lev e ls  of 
kanam ycin  re s is ta n c e  c o n fe rre d  by  pKMS605 an d  pDM130. I t  is  in te n d e d  
m erely  to  dem o n stra te  th e  scope of p o ssib le  re g u la to ry  in te ra c tio n s . As 
th e  f i r s t  s tep  in  an a ly s in g  th e  te n ta tiv e  re g u la tio n  of t ra n s c r ip t io n , a  
s e r ie s  of p ro m o te r-p ro b e  c o n s tru c ts  co n ta in in g  o trA p l, w ith  th e  
u p s tre am  reg io n  t ru n c a te d  to  d if fe re n t e x ten ts , is  c u r r e n t ly  b e in g  made 
to  d e lin ea te  th e  seq u en ce(s) re q u ire d  fo r th e  maximal a c tiv ity  of 
o trA p l in  v ivo  (McDowall, u n p u b lish e d  w ork).
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U sing h ig h -re so lu tio n  S I n u c lease ;, p ro te c tio n  experim en ts  to  
an a ly se  RNA sam ples iso la ted  from  c u ltu re s  a t  d if f e r e n t  s ta g e s  in  th e  
fe rm en ta tio n  of o x y te tra cy c lin e , i t  is  p o ssib le  to  q u a n tita te  th e  re la tiv e  
ch an g es  in  th e  a b u n d an c e  of t r a n s c r ip ts  from  o trA p l  a n d  f a r  up stream . 
However, on ly  g e n e ra l in fe re n c e s  can  be  made a b o u t th e  a b so lu te  lev e ls  
of o trA  t r a n s c r ip ts  w ith in  th e  mycelium, a s  th e  r a te s  of accum ulation  
an d  tu rn o v e r  of rRNA, tRNA a n d  mRNA in  s tre p to m y c e te s  have  n o t b een  
s tu d ie d  in  a n y  detail. P hysio log ical s tu d ie s  u s in g  E sch erich ia  coli a s  a  
model h ave  in d ic a ted  th a t  th e  r a te  of s y n th e s is  of rRNA a n d  tRNA is  
re g u la te d  an d  c o rre sp o n d s  to  th e  ce llu la r  n eed  fo r  ribosom es (for an  
overv iew  see J in k s -R o b e rtso n  an d  Nomura, 1987). As th e  g ro w th  ra te  of 
E. coli slow s, th e  dem and fo r p ro te in  s y n th e s is  d e c re a se s  an d  th e re  is  
a  c o rre sp o n d in g  d e c rea se  in  th e  num ber of ribosom es p e r  cell. As rRNA 
an d  tRNA acco u n t fo r  th e  m ajo rity  of RNA in  E. coli (g r e a te r  th a n  95% iri 
cells g row ing exponen tia lly ) a  slow ing of th e  g ro w th  ra te  r e s u l ts  in  an  
ov e ra ll re d u c tio n  in  th e  to ta l RNA p e r  cell. The g ro w th  ra te  d ep en d en ce  
of ribosom e accum ulation  is alm ost c e r ta in ly  a  u b iq u ito u s  fe a tu re  of 
b a c te r ia l g row th , due to  th e  c e n tra l ro le  of ribosom es in  th e  s y n th e s is  
of o th e r  c e llu la r com ponents an d  th e  la rg e  am ounts of c e llu la r  e n e rg y  
an d  m etabolic in te rm e d ia te s  re q u ire d  to  p ro d u c e  ribosom es.
A s tr ik in g  re d u c tio n  in  p ro te in , DNA a n d  RNA s y n th e s is  h as  b een
d e tec te d  in  th e  t r a n s i to ry  p h ase  b e tw een  v e g e ta tiv e  g ro w th  an d
m orphological developm ent in  S tre p to m y c e s  coelicolor  A3 (2), w hen 
grow n on solid  medium (G ranozzi e t  al., 1990). T his re d u c tio n  in
m acrom olecular s y n th e s is  is  sim ilar to  th e  ch an g e  seen  in  E. coli
c u ltu re s  e n te r in g  s ta t io n a ry  phase . In  S. coelicolor  A3(2), how ever, th e  
s y n th e s is  of m acrom olecules resum es a t  th e  o n se t of m orphological 
developm ent an d  is  r e s to re d  n e a rly  to  th e  v a lu es  m easu red  d u r in g  
v e g e ta tiv e  g ro w th  (G ranozzi e t al., 1990). The p ro d u c tio n  of sec o n d a ry  
m etabo lites co incides ty p ica lly  w ith m orphological developm ent. In d eed , 
s u b s ta n tia l  g en e tic  ev id en ce  s u g g e s ts  th a t  b o th  p ro c e sse s  s h a re  
e lem ents of a  complex re g u la to ry  n e tw o rk  an d  a t  le a s t  in  p r in c ip le  cou ld  
be tr ig g e re d  b y  a  common s ig n a l (G eneral In tro d u c tio n , 1.9). The
accum ulation of RNA d u rin g  th e  fe rm en ta tio n  of o x y te tra cy c lin e  may a lso  
o ccu r in  two d is tin c t p h ase s .
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A nalysis  of th e  tra n s c r ip t io n  of o trA , u s in g  RNA iso la ted  from  S. 
r im osus  M4018 g row n on L iquid  Complete Medium, h as  show n th a t  th is  
re s is ta n c e  gene  is  t r a n s c r ib e d  alm ost ex c lu siv e ly  from  o trA p l  d u r in g  
in te n se  v e g e ta tiv e  g row th . The re la tiv e  c o n tr ib u tio n  ’of o trA p l 
d im in ishes, how ever, a s  th e  g ro w th  ra te  slow s a n d  th e  o n se t of 
o x y te tra cy c lin e  p ro d u c tio n  ap p ro ach es . E arly  in  th e  p ro d u c tio n  p h a se , 
t r a n s c r ip ts  o r ig in a tin g  from  o trA p l an d  f a r  u p s tre am  a re  alm ost eq u a l in  
ab u n d an ce .
The c h an g e s  in  th e  re la tiv e  ab u n d an ce  of t r a n s c r ip ts  of otrA  w ere  
seen  a g a in s t  an  o v e ra ll d e c rea se  in  th e  ab u n d an c e  of th e se  t r a n s c r ip ts  
w ith in  th e  to ta l RNA popu la tion . Any ch an g e  in  th e  o v e ra ll RNA c o n te n t 
of th e  S. r im osus  M4018 mycelium, as  th e  c u ltu re  a p p ro a c h e s  s ta t io n a ry  
p h ase  an d  th e  o n se t of an tib io tic  p ro d u c tio n , is  like ly  to  be a  re d u c tio n  
in  th e  to ta l am ount of rRNA, tRNA a n d  mRNA (a sso c ia ted  w ith  v e g e ta tiv e  
g row th). The d e c rea se  in  th e  ab u n d an ce  of otrA  t r a n s c r ip ts ,  w ith in  th e  
to ta l RNA p o p u la tio n  a t  th is  e a r ly  s ta g e  in  th e  fe rm en ta tio n , th e re fo re , 
p ro b a b ly  r e p re s e n ts  a  re a l d ec rea se  in  th e  a c tu a l n u m ber of t r a n s c r ip ts  
w ith in  th e  mycelium. However, b e fo re  c re d ib le  p re d ic tio n s  can  be made 
ab o u t th e  ab so lu te  lev e ls  of t r a n s c r ip ts ,  i t  will be n e c e s sa ry  to  s tu d y  
th e  r a te s  of accum ulation  an d  tu rn o v e r  of mRNA, rRNA a n d  tRNA a t  
d if fe re n t s ta g e s  in  th e  life  cycle of S trep to m y c es .
The a n a ly s is  of tra n s c r ip tio n  d u r in g  th e  p ro d u c tio n  p h a se  of a  
fe rm en ta tio n  fa iled  to  d e te c t t ra n s c r ip t io n  from  o trA p l in  RNA iso la ted  
from  5. rim osus  M15883 grow n on TS1. T ra n s c r ip ts  o rig in a tin g  from  f a r  
u p s tream  in c re a se d  in  ab u n d an ce  d u rin g  th e  e a r ly  s ta g e s  of p ro d u c tio n  
(re la tiv e  to  to ta l RNA), p eak in g  a t  a b o u t 20 h o u rs  a f te r  o x y te tra cy c lin e  
was f i r s t  d e te c te d  in  th e  c u ltu re  b ro th , b e fo re  d e c rea s in g  in  a b u n d an c e  
to  lev e ls  seen  a t  th e  o n se t of p ro d u c tio n . Should  a  second  ro u n d  of RNA 
sy n th e s is  o c cu r a t  th e  o n se t of o x y te tra cy c lin e  p ro d u c tio n  in  liq u id  
c u ltu re s  of S . rim osus, a s  d e sc rib e d  fo r  th e  m orphological developm ent 
of 5. coelicolor  A3(2) on solid medium (G ranozzi e t al., 1990), th e n  th e  
t r a n s ie n t  in c re a se  in  th e  ab u n d an ce  of t r a n s c r ip ts  from  fa r  u p s tream , 
w ith in  th e  to ta l RNA popu la tion , may r e p re s e n ts  an  a c tu a l in c re a se  in
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th e ir  n u m b ers  w ith in  th e  mycelium. I t  is  p ro p o se d  th a t  th e  t r a n s ie n t  
p eak  in  th e  a b u n d an c e  of otrA  t r a n s c r ip ts  from  f a r  u p s tre am  w ith in  th e  
to ta l RNA p o p u la tio n  p ro b a b ly  re f le c ts  t r a n s ie n t  a c tiv ity  a t  th e  co g n ate  
p ro m o te r(s) , lo ca ted  f a r  up stream .
A sim ilar o b se rv a tio n  h as be re p o r te d  re c e n tly  b y  G uth rie  a n d  
C h a te r (1990). The t r a n s c r ip ts  of an  u n d e sc r ib e d  gene  in  th e  
u n d e cy lp ro d ig io s in  c lu s te r  of S. coelico lor  in c re a se d  b r ie f ly  in  
a b u n d an c e  a f te r  th e  m ost ra p id  g ro w th  p h a se  h ad  p a sse d  (G uthrie  an d  
C h ater, 1990). The lev e l of t ra n s c r ip t io n  in  th e  u n d e cy lp ro d ig io s in  
c lu s te r  w as e stim ated  b y  th e  in s e r tio n  of a  p ro m o te rless  x y lE  g en e  
(d e sc r ib e d  in  C h ap te r  5) in to  a  p re v io u s ly  u n d e sc r ib e d  re g io n  im plicated  
in  th e  e a r ly  s te p s  of b io sy n th e s is , u s in g  a  b a c te r io p h a g e -b a se d  
in te g ra tiv e  v e c to r .
The r e s u l ts  p re s e n te d  in  th is  c h a p te r  in d ic a te  th a t  th e  e x p re ss io n  
of th e  otrA  re s is ta n c e  gene  is u n d e r  complex t ra n s c r ip t io n a l  con tro l. The 
two t r a n s c r ip ts  of otrA  w hich have  b een  id e n tif ie d  a re  tr a n s c r ib e d  from  
p ro m o te rs  w ith  d is t in c t  tem poral a c tiv itie s . In  Bacillus su b til is  a  cascad e  
of a lte rn a tiv e  sigm a fa c to rs  en ab les  RNA po lym erase  to  re c o g n ise  u n iq u e  
c la sse s  of p ro m o te rs  a n d  th e re b y  a c tiv a te  se lec tiv e  s e ts  of sp o ru la tio n  
g en es , in  th e  c o r re c t  o rd e r  and  a t  th e  a p p ro p r ia te  time (Losick a n d  
P ero , 1981). The fin d in g  th a t  th e  sw itch  from  co n tin u ed  ex ten s io n  of 
a e r ia l h y p h ae  to  th e ir  developm ent in to  c h a in s  of sp o re s , is  co n tro lled  
b y  a n  a lte rn a tiv e  sigm a fa c to r  (awhiG) in  S . coelicolor, s u g g e s ts  th a t  a  
sim ilar re g u la to ry  cascad e  could be  im p o rtan t in  co n tro llin g  th e  
d iffe re n tia tio n  of S trep to m y c es  (C hater e t  ah, 1989).
The p u ta tiv e  -35 reg io n  (CTGACC) an d  -10  reg io n  (TACCGT) of 
o trA p l resem b les  th e  -35 reg io n  (TTGACA) a n d  -10  reg io n  (TATAAT) of 
th e  c o n se n su s  fo r  th e  m ajor c lass  of e u b a c te r ia l p ro m o ters  (Hawley an d  
McC lure, 1983). C o rresp o n d in g ly , th is  p ro m o ter h as  a  d is tin c t  tem pora l 
a c tiv ity  a sso c ia ted  w ith  v e g e ta tiv e  g row th . U sing  th e  pK0500 p ro m o te r-  
p ro b e  v e c to r  (Close an d  R odriguez, 1982), th e  BamBls-BcKs f rag m e n t 
co n ta in in g  th e  otrA  p i  p rom oter was show n to  be capab le  of d ire c tin g  
t ra n s c r ip t io n  in  E. coli (McDowall, u n p u b lish e d  re s u lt) .  T h e re fo re , i t
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would a p p e a r  th a t  th e  o trA p l  p rom oter is  re c o g n ise d  b y  a  form  of RNA 
po lym erase  in  S tre p to m y c e s  w hich is  rep o n s ib le  fo r  th e  tra n s c r ip tio n  of 
th e  g e n e ra l h o u sek eep in g  genes.
C om parative a n a ly s is  of p ro m o te rs  re sp o n s ib le  ’ fo r  th e  
tra n s c r ip t io n  of g en es  invo lved  in  m orphological a n d  physio log ical 
d iffe ren tia tio n  could  de fin e  common e lem ents in v o lv ed  in  th e  co n tro l of 
S trep to m y c es  developm ent. T h erefo re / th e  p ro m o te r re sp o n sib le  fo r  
tra n s c r ip t io n  of otrA  from  fa r  u p s tream  w as iso la ted  a n d  c h a ra c te r is e d  
as th e  n ex t s te p  in  d is se c tin g  th e  co o rd in a tio n  of o x y te tracy c lin e  
re s is ta n c e  an d  p ro d u c tio n  (see C h ap te r 5).
CHAPTER 4
THE OTCL GENE: NUCLEOTIDE SEQUENCE, DEDUCED 
FUNCTION AND TRANSCRIPTION
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4.1 In tro d u c tio n
The otc-151  m u tan t is  r e p re s e n ta t iv e  o f th e  otcZ  c lass  of 
m u tan ts  th a t  a re  b locked  in  "ea rly "  o x y te tra c y c lin e  (OTC) b io sy n th e s is , 
b e fo re  th e  form ation  of a n h y d ro te tra c y c lin e  (ATC). The spec ific  
enzym atic  s te p  w hich  is  b locked  h as  n o t b een  a ss ig n e d , a s  th e  otcZ151 
m u tan t fa iled  to  p ro d u ce  OTC in  c o sy n th e s is  te s t s  w hen i t  "was 
com bined w ith  re p re s e n ta t iv e s  from  o th e r  g ro u p s  of "ea rly "  m u tan ts  on 
a g a r  s t r ip s  an d  was also  un ab le  to  c o n v e r t  p u r if ie d  "ea rly "  
in te rm e d ia te s  to  OTC w hen th e se  w ere  su p p lie d  to  liqu id  c u ltu re s  
(Rhodes e t  al., 1981).
A ntib io tic  p ro d u c tio n  was re s to re d  in  th e  otcZ151 m u tan t b y  th e  
in tro d u c tio n  of a  plasm id co n ta in in g  th e  4.4kb Sphlz-SpH Liz  reg io n  
(F ig u re  4.1) (B u tle r e t  al., 1989). The m uta tion  on th e  chrom osom e w as 
e i th e r  com plem ented in  tra n s  b y  th e  e x p re ss io n  of a  fu n c tio n a l gene  
from  th e  p lasm id o r  i t  was re p a ire d  b y  a  recom bination  e v e n t(s )  
be tw een  hom ologous seq u en ces  on th e  chrom osom e an d  DNA cloned  on 
th e  p lasm id . U sing a  se r ie s  of p lasm ids th a t  co n ta in ed  tru n c a te d  
d e r iv a tiv e s  of an  in s e r t ,  w hich in  fu l l - le n g th  form  could  re s to re  
a n tib io tic  p ro d u c tio n  in  otcZ151, th e  m uta tion  w as m apped close to  th e  
" le ft"  of th e  PstLs s ite  (B utler e t al., 1989).
The extrem e "left"  of th e  4.4kb S p h l  re g io n  {Sphlz-BcRs) co n ta in s  
th e  5’ en d  of th e  otrA  re s is ta n c e  g ene , w hich  h as been  seq u e n c ed  
(Doyle, 1987). The otcC  gene, encoding  th e  ATC oxygenase , h as a lso  b een  
localised  w ith in  th e  SphLz-SptiLu  re g io n  u s in g  " re v e r se  g en e tic s"  
(Binnie e t  al., 1989). P u rifica tio n  of th e  ATC oxygenase  allowed " re v e r s e  
tra n s la tio n "  of th e  amino acid  seq u en ce  from  th e  am ino-te rm inus. An 
o ligonucleo tide  co n ta in in g  th e  p re d ic te d  n u c leo tide  seq u en ce  w as 
sy n th e s iz e d  chem ically and  u sed  as  a  p ro b e  to  locate  th e  5’ en d  of th e  
otcC  gene  to  th e  " le ft"  of th e  Sphlvz s ite . Limited seq u en c in g  s u g g e s te d  
th a t  th e  p o te n tia l p ro te in  coding  re g io n  (PPCR) of otcC  r e a d  from  
" r ig h t"  to  " le ft" . From th e  m olecular w e ig h t of th e  p u r if ie d  ATC 
o x ygenase  (52 kD), th e  3’ end  of th e  otcC  gene  was p re d ic te d  to  be 
betw een  th e  re s tr ic t io n  s ite s  SmaL9 an d  PstLs.
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Probable lo c a t io n  
o f  o tc Z  
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otrA otcC
H S Sp Sn BcB K P SmK K Sp S Sa Sp KS Pi i____  t______ i i i i _____ t i i______i_____ i_______» i t_____ 11 i
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lkb
F ig u re  4.1. R e s tr ic tio n  map o f th e  " le f t” e n d  o f th e
o x y te tra c y c lin e  c lu s te r .  The lo cation  of o trA  a n d  th e  p ro b a b le  
lo c a tio n s  of otcC  a n d  o tcZ  a re  in d ic a te d . F or c la r i ty  o n ly  th e  
r e s t r ic t io n  s ite s  th a t  a re  re le v a n t  to  th e  d e lin ea tio n  of th e  
p o s itio n  of o tcZ  a re  show n. B, BamRl; Be, BcH; H, H indiII; K, Kpnl; 
S, S s tl;  Sm, SmaL; Sp, SpHL; P, P stl,
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The above re s u l ts  d e lin ea ted  th e  p o ssib le  location  of th e  DNA 
segm ent, w hich "com plem ents" th e  o tc Z ld l  m utation , to  th e  1.3kb BcRs- 
Smal9 reg io n . The determ ination  of th e  DNA seq u en ce  in  th is  re g io n  was 
c o n s id e re d  a  p r io r i ty  fo r th e  following re a so n s .
(i). The DNA seq uence  could  be u se d  to  p re d ic t  th e  p re c ise  g en e tic  
o rg a n isa tio n  of th is  reg io n  and  th e  p rim a ry  s t r u c tu r e  of th e  o tcZ  gene 
p ro d u c t.
(ii). The in fe r re d  p ro te in  seq u en ce  could  th e n  be com pared  w ith  
e n tr ie s  in  co m p u te r-h e ld  d a tab a se s , su c h  as  GenBank, EMBL an d  NBRF, 
fo r  s im ila rity  to  p ro te in s  of know n biological fu n c tio n . Homology w ith  
o th e r  p ro te in s  m ight p ro v id e  in s ig h t in to  th e  enzym atic  s te p  b locked  in  
th e  otcZ151 m utan t.
(iii). A know ledge of th e  g en e tic  o rg a n isa tio n , in  c o n ju n c tio n  w ith  
an  an a ly s is  of tra n s c r ip tio n , would be n e c e s sa ry  to  id e n tify  re g u la to ry  
seq u e n c es  invo lved  in  con tro lling  th e  ex p re ss io n  of th e  o x y te tra cy c lin e  
genes.
4.2 R esu lts
4.2.1 S eq u en c in g  Method
Modified DNA polym erase from  X h erm u s a g u a ticu s  (Taq po lym erase) 
was u se d  to  seq u en ce  th e  otcZ  gene. T his th e rm o -s ta b le  enzym e has a 
te m p e ra tu re  optimum of 80°C, w hich is c o n s id e ra b ly  h ig h e r  th a n  th a t  of 
o th e r  com m ercially-available DNA po lym erases fo r  d ideoxy seq u e n c in g , 
su ch  a s  m odified T7 DNA po lym erase (su p p lied  by  U nited  S ta te s  
Biochemical C orporation  as SEQuenase™ ) an d  m odified ; DNA po lym erase  I 
from  E scherich ia  coli (supp lied  by  BRL a s  Klenow), w hich a re  u sed  a t  
recom m ended in cu b atio n  te m p e ra tu re s  of 42°C an d  30°C re sp e c tiv e ly . 
The h ig h  in cu b atio n  tem p e ra tu re  of Taq po lym erase  was fo u n d  to  be a  
co n sid e ra b le  ad v an tag e  w hen seq u en c in g  DNA from s tre p to m y c e te s , 
w hich ty p ic a lly  has  a  base  com position of 73% mol G+C (E n q u is t an d  
B rad ley , 1971). In v e rte d  re p e a t seq u en ces  o ccu r f r e q u e n tly  in  
S tre p to m y c e s  DNA and  th e se  can  h y b rid ize  to  form h ig h ly  s ta b le  G+C- 
r ic h  sec o n d a ry  s tru c tu re s .
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The e ffe c ts  of sec o n d a ry  s t r u c tu r e  can  be m an ifested  a t  two 
d if fe re n t s ta g e s  d u rin g  seq u en c in g . F ir s tly , s ta b le  h a irp in  loops in  th e  
tem p la te  can  cau se  th e  DNA polym erase to  "s ta ll"  d u rin g  th e  seq u en c in g  
re a c tio n  an d  as  a  r e s u l t  a r t ifa c tu a l b a n d s  a re  p ro d u c e d  in  a ll fo u r  
t r a c k s  of th e  seq u e n c in g  la d d e r . Secondly , th e  p ro d u c ts  of th e  
seq u en c in g  reac tio n  may form  re g io n s  of G+C-rich sec o n d a ry  s t ru c tu re .  
This can  cau se  b a n d s  to  be com p ressed , an d  r e s u l t  in  p a r t  of th e  
seq u en c in g  la d d e r  be ing  u n re a d ab le  o v e r a  localised  a rea .
Dideoxy seq u en c in g  of DNA from  S tre p to m y c e s  h a s  been  
u n d e r ta k e n  p re v io u s ly  a t  Glasgow u s in g  Klenow DNA po lym erase  (Doyle, 
1987). S eco n d ary  s t r u c tu r e  posed  a  s ig n ific a n t problem  a n d  i t  was 
n e c e s sa ry  to  u se  e lev a ted  in cu b atio n  te m p e ra tu re s , form am ide g e ls  an d  
th e  chem ical d e g ra d a tio n  m ethod of Maxam an d  G ilbert (1977) to  com plete 
th e  seq u en ce  of th e  otrA  re s is ta n c e  gene. A num ber of a lte rn a tiv e  
p o lym erases fo r DNA seq u en c in g  have  become re a d ily  av ailab le  s in ce  th e  
seq u en c in g  of otrA . T hese  inc lu d e  SEQuenase™ II an d  TAQuenase™ 
(m odified Taq po lym erase), b o th  su p p lied  by  USB.
B efore a  s t r a te g y  fo r  th e  seq u en c in g  o f  otcZ  w as d ev ised , th e  
a b ility  of th e se  po lym erases to  p ro d u ce  re ad ab le  seq u en ce  from  a  s in g le ­
s tra n d e d  tem plate  (mKM905) know n to  cau se  th e  Klenow enzym e to  " sta ll"  
d u r in g  seq u en c in g  was in v e s tig a te d  u s in g  th e  s ta n d a rd  p ro toco ls  
su p p lied  w ith  th e  USB k its  (F ig u re  4.2). The SEQuenase™  enzym e 
a p p a re n tly  had  a co n sid e rab le  problem  re a d in g  th ro u g h  re g io n s  of 
s trep to m y ce te  DNA a t th e  recom m ended in cu b a tio n  te m p e ra tu re  of 42°C 
(F ig u re  4.2, Panel A). At th e  h ig h e r  in cu b a tio n  te m p e ra tu re  u se d  w ith  
Taq po lym erase (70°C) th e  G+C-rich seco n d a ry  s t r u c tu r e s  (F ig u re  4.2(B)) 
w ere  p re su m ab ly  le ss  s tab le  and  co n se q u e n tly  th e  p ro g re s s io n  of th e  
seq u en c in g  reac tio n  was n o t im peded. The TAQuenase™ seq u e n c in g  k it  
w as u sed , th e re fo re , fo r  th e  seq u en c in g  of otcZ. T erm ination  mixes 
co n ta in in g  th e  nucleo tide  analogue 7 -d eaza  dGTP w ere u sed  ro u tin e ly  
to  minimise th e  p o ssib ility  of band  com pressions in  th e  seq u e n c in g  
la d d e rs . T his analogue p a irs  w eakly w ith  conven tional b a se s  a n d  th u s , 
re d u c e s  th e  p o ssib ility  of seco n d a ry  s t r u c tu r e  form ation  in  th e  p ro d u c ts  
of th e  seq u en c in g  reac tio n  (M izusawa e t al., 1986).
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C A  )  SE Q uenase™
I-------------- 1
A C G T
____________  T A Q u e n a s e ™
Z  • • ' '  i--------------- 1
_   " -  „ ^ A C G T
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G - C  * 
► C ~ G  
G=C 
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C-G - 
G = C  *• 
G = C  
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A G
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F ig u r e  4.2. (A) C om parison of th e  s e q u e n c in g  r e a c t io n s  u s in g
SEQ uenase™  a n d  TAQuenase™. (B) S e c o n d a ry  s t r u c t u r e
p r e d ic t e d  b y  STEMLOOP in  th e  r e g io n  of th e  p r e m a tu re  
te rm in a t io n s .  Small a r ro w s  (►) in d ic a te  th e  p re c i s e  p o s i t io n s  a t  
w h ich  th e  SEQ uenase  enzym e s ta l ls  on th e  tem pla te .  F or th e  
SEQ uenase™  re a c t io n s ,  th e  ra d io - la b e l  was [35S] a-dATP. [32P]
a-dA TP w as u s e d  fo r  th e  TAQuenase™ re a c t io n s .
Chapter 4 The o tcZ  g e n e  118
I t  h a s  b een  fo und  s u b se q u e n tly  th a t  o th e r  g ro u p s  h av e  o b ta ined  
good q u a lity  seq u en ce  d a ta  from  s trep to m y ce te  DNA u s in g  SEQuenase™ , 
w hen th e  rea c tio n s  a re  c a r r ie d  o u t a t  e lev a ted  in c u b a tio n  te m p e ra tu re s  
(ca. 55°C) and  u sed  in  c o n ju n c tio n  w ith  s in g le -s t ra n d e d  DNA-binding 
p ro te in  from  b a c te rio p h a g e  T4 (L eadlay, p e rs . comm.).
4.2.2 S eq u en cin g  S tra te g y
A sum m ary of th e  seq u en c in g  s t r a te g y  is  show n in  F ig u re  4.3. 
T h ree  in te rn a l frag m en ts  from  th e  1.3kb BcKs-SmaLs re g io n  w ere  lig a ted  
to  M13mpl8 an d  M13mpl9 re sp e c tiv e ly , w hich had  b een  d ig e s te d  w ith  
th e  a p p ro p r ia te  r e s tr ic t io n  en d o n u c leases , an d  in tro d u c e d  in to  E. coli 
TGI by  gen etic  tran s fo rm a tio n  (S ection  2.3.12). The s in g le -s tra n d e d  
tem p la tes  w ere iso la ted  from  p h ag es  co n ta in in g  reco m b in an t DNA 
m olecules (Section  2.3.16). The 250bp PstLs-SmaLs f rag m e n t from  pKME917 
(pUC19 co n ta in in g  th e  Smal4-9 frag m en t) was in s e r te d  in to  M13mpl8 and  
M13mpl9 to  g e n e ra te  mKM803 an d  raKM903 re sp e c tiv e ly . The 722bp K p n h -  
P stls  a n d  th e  305bp B cR s-K pnh  frag m en ts  w ere o b ta in e d  from  th e  
pU C 18-based c o n s tru c ts , w hich w ere in te rm ed ia tes  in  th e  in tro d u c tio n  of 
th e  same frag m en ts  in to  th e  pIJ486 p ro m o te r-p ro b e  v e c to r  (Section
3.2.1). H indlII/E coR I frag m e n ts  from  th e se  c o n s tru c ts  w ere  th e n  in s e r te d  
in to  M13mpl8 and  M13mpl9 to  d e riv e  mKM807 an d  mKM907 from  pKME807 
an d  mKM805 and  mEM905 from  pKME805 re sp ec tiv e ly .
The 722bp K phL-P stl in s e r ts  in  th e  mKM807 an d  mKM907 tem p la tes  
could  n o t be seq u en ced  com pletely  u s in g  th e  u n iv e rsa l p rim er (UP), a s  
on ly  a ro u n d  300 n u c leo tid es  could  be re a d  from  th e  s ta n d a rd  seq u en c in g  
re a c tio n s . O ligonucleotides 807a and  907a* w hich in c o rp o ra te d  seq u en ce  
o b ta in ed  from  ex tension  of th e  u n iv e rs a l p rim er w ere u sed , th e re fo re , 
as p rim ers  to  ex tend  th e  seq u en c in g  of th e  mKM807 an d  mKM907 
tem p la tes  re sp ec tiv e ly . In  tu rn ,  seq u en ce  d a ta  g e n e ra te d  from  th e  807a 
an d  907a p rim ers  was u sed  to  d esig n  o ligonucleo tides 807b an d  907b 
re sp e c tiv e ly , w hich allowed th e  mKM807 and mKM907 tem p la tes  to  be 
seq u en ced  com pletely.
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F ig u r e  4.3. M13 te m p la te s  u se d  to  s e q u e n c e  th e  1 .3kb BcKs-Smala
re g io n . The te m p la te  d e s ig n a tio n s  a r e  g iv e n  a b o v e  th e  lines 
<1— 4> u s e d  to  i l lu s t r a te  th e  e x te n t of th e  c lo n ed  DNA. T he a rro w s 
in d ic a te  th e  d ire c t io n  an d  e x te n t o f p rim ed  s y n th e s is  d u rin g  
n u c le o tid e  se q u e n c e  a n a ly s is . The o lig o n u c le o tid e s  u s e d  to  prim e 
th e  e x te n s io n  re a c t io n s  a re  g iv en  a b o v e  th e  a rro w s . UP, 
r e p r e s e n t s  th e  u n iv e r s a l  p rim er. F o r c la r i ty ,  o n ly  re s tr ic t io n  
s i te s  r e le v a n t  to  th e  su b c lo n in g  o f th e  B cR -S m a l  re g io n  a re  
show n .
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F igure 4.4. Comparison of seq u en ce  la d d ers p roduced  from  
mKM907 and th e com plem entary tem plate mKM807. A line ( | ) 
in d ica tes th e ex ten t of the seq u en cin g  a r tifa c t seen  in the mKM907 
ladder but not ev id e n t at the co rresp o n d in g  p osition  in the  
mKM807 ladder.
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Only a  s in g le  s t r e tc h  of 5 to  6 n u c leo tid es  from  th e  mKM903 
tem plate  could  n o t be re a d  unam biguously  due  to  th e  com igration  of 
b an d s  from  d if fe re n t t r a c k s  in  th e  seq u e n c in g  la d d e r  (F ig u re  4.4). 
In te re s tin g ly , th is  re g io n  (1110-1130nt) is  n o t p re d ic te d  to  form 
s ig n ific a n t sec o n d a ry  s t ru c tu re .  The seq u en ce  d a ta  from  th e  
com plem entary  s t r a n d  (mKM803) w as exce llen t an d  no a tte m p ts  w ere made 
to  overcom e th is  a r t i fa c t .  Upon com pletion of th is  w ork , n o n -o v e rla p p in g  
reg io n s  of seq u en ce  rem ained  a t  th e  K p n h  an d  P stls  b o u n d a rie s . Two 
o th e r  M 13m pl8-derived  c o n s tru c ts  w ere u sed  to  seq u en ce  a c ro ss  th e se  
re s tr ic t io n  s ite s . The mKM817 c o n s tru c t co n ta in ed  th e  1.6kb SmaL4-Smal9 
frag m en t, w hich w as sub clo n ed  from  pKME917 a s  a  HindLII/EcoRI 
f rag m en t, w ith  th e  SmaL9 s ite  n e a re s t  th e  EcdRI s ite  in  th e  p o ly lin k er. 
The mKM971 c o n s tru c t  co n ta in ed  th e  same in s e r t  b u t  in  th e  o p p osite  
o rien ta tio n . The mKM817 tem plate, in  c o n ju n c tio n  w ith  th e  oligo. 
807b, w as u sed  to  seq u en ce  a c ro ss  th e  K pnl b o u n d a ry . The P stI 
b o u n d a ry  was seq u e n c ed  u s in g  mKM917 an d  oligo. 907b, th e re b y  
com pleting th e  seq u en c in g  of th e  1.3kb BcRs-Smal9  reg io n .
The seq u en ce  is com prised  of 1, 265bp an d  h as  a  base  com position 
of 72.57 mol% G+C. The an n o ta ted  seq u en ce , in c lu d in g  th e  amino acid  
seq u en ces  of p o te n tia l p ro te in  coding  re g io n s , a  p u ta tiv e  ribosom e 
b in d in g  s ite  (RBS), th e  o ligonucleo tides u se d  fo r  seq u en c in g  an d  th e  
locations of re s tr ic t io n  s ite s  r e fe r re d  to  in  th e  te x t a re  show n in  F ig u re  
4.5.
The seq u en c in g  re a c tio n s  an d  re la te d  g e ls  w ere  p e rfo rm ed  an d  
ru n  as  de ta iled  in  M aterials an d  M ethods (S ection  2.3.17). All of th e  
tem p la tes  w ere seq u en ced  an  a v e rag e  of th re e  tim es. The 
a u to ra d io g ra p h s  w ere re a d  b y  eye and  e n te re d  in to  co m pu ter file s  u s in g  
th e  seq u en ce  a s se m b le r /e d ito r  p rogram  SEQED (D evereux e t al,, 1984). 
Each a u to ra d io g ra p h  was in te rp re te d  a t  le a s t  tw ice, each  re a d in g  be ing  
e n te re d  in to  in d e p e n d e n t files. D uplicate files  w ere  th e n  com pared  u s in g  
th e  GAP prog ram  to  elim inate " in p u t” e r ro r s .
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B e ll
TGA7CACGG7AGCAAGGGCGGCCACGCAGGGTCAGGGCTTGACGGCGACTA7CAGCCAG7
1 —-----------—---------------------------    *------ ■*—1   :-----------h- 60
a c t a g t g c c a t c g t t c c c g c c g g t g c g t c c c a g t c c c g a a c t g c c g c t g a t a g t c g g t c a
EndProLysV/alAlaV/airieLeuTrpAsp -
c a c c g a g g a g g t t g t c g a t g c g c t c c g c c t g c c g c a c c c g g a a g c c g g c c t c c t c g a t c t
>1 - —    * -------------------   : -  - -  1 '   ► 1 2 0
g t g g c t c c t c c a a c a g c t a c g c g a g g c g g a c g g c g t g g g c c t t c g g c c g g a g g a g c t a g a  
GlyLeuLeuAsnAspIleArgGl uAlaGlnArgValArgPheGlyAlaGluGluIl*Glu -
CCGCGC.GGTACTCCTCGACGCTGCTGGACGAGCTGTCGCCGCGGATGAGGCCGTGGTTGA
:i —---------------    •---  ■--------1---- 1"  ----------  iso
GGCGCGCCATGAGGAGCTGC.GACGACC7GCTC.GACAGCGGCGCCTACTCCGGCACCAACT 
AlaArgTyrGluGl uV/alSerSerSerSerSerAspGlyArgll eLeuGlyHi sAsnLeu -
BamBl
g c c g t t g c a g t a c g t c g t g c a c c g t c g t g g t g g c c g g a t c c g t c a t c a g g t c g t a g a c c a
*1  :----------------------------------------       1-A------------ - ► 2 A 0
CGGCAACGTCATGCAGCACGTGGCAGCACCACCGGCCTAGGCAGTAGTCCAGCATCTGGT 
ApgGlnLeuV/alAspHi-sV/alThrThrThrAlaProAspThrMetLeuAspTyrValVal -
CCAGCGCGCCGCCGGAGGGCAGCGCC7CG7GGA7GCGCGCGAGGAGC77GCGCCGC7GCG
.1 —    -a------ ;----------+— ---------  h------------- -t-    a- 3 0 0
GG7CGCGCGGCGGCCTCCCG7CGCGGAGCACC7ACGCGCGC7CCTCGAACGCGGC-GACGC 
LeuAlaGlyGlySerProLeuAlaGluHisIleArgAlaLeuLeuLysArgArgGlnPro -
K p n l
GTAC.CGGCCAG7CGGGCAG7ACGTGCCCGGTGAC.CACGGCGTCCGCGGACGGCAGCGGGT
i j —— .. . . .  .... ♦   ■■    •+■ 3 6 0
CA7GGCCGG7CAGC.CCG7CA7GCACGGGCCAC7GG7GCCGCAGGCGCC7GCCG7CGCCCA 
\/al Pro7rpA5pProLe».'V/alHi sGly7hr\/aIValAlaAspAlaSerProLeuProAsp -
CGG7CAGGAAG7CGCCGCCG7GGAAGCGGACGCGGCC7TCGAGGCCGCGC7CACGGA7CA
1 -——-*•  — —— ——----------------- -*■— — -»• <120
GCCAG7CCT7CAGCGGCGGCACCT7CGCC7GCGCCGGAAGC7CCGGCGCGAG7GCC7AG7 
7hrLeuPhi?A5pGlyGlyHisPheArgV/alArgGlyGluLeuGlyArgGluArgileLeu -
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421
491
541
601
661
721
781
g c t c g c c g g c c a g c g g g g c c a g c g c g g g c a g g t c g a a c a c g g c g c c g t g c a g g t g c g g g t--------------      ►--------------      aso
CGAGCGGCCGGTCGCCCCGGTCGCGCCCGTCCAGCTTGTGCCGCGGCACGTCCACGCCCA 
GluGlyAlaLeuProAlaLeuAlaProLeuAspPheV/al AlaGlyHi sLeuHisProHis -
 ---- -»■--------- — ------ » ------------ ►------------  340
CCCGGTCCCGGTGGGCGCACCGCTCCAACGGGGCACGCGGCGGCTACAGCTACTTCCTGG 
AlaLeuAlaV/alArgThrAlaLeuAsnGlyArgAlaGlyGlyl leAspI lePheSerGly -
OLIGO. 907a
^Ifll^^l^H^I^SCGGCGCGCCAGCTCCTCGGCCGTGAAGGAGCTGAAGGTGT
— — ~— -—  ------------- — -------------------------------------------------------    — h------------- ►. aoo
G CATG G G CG AG G TC AG CTG C G il^iPg^^l^^^A C TTC C TC G A C TTC C A C A  
TyrGlySerTrpAspl/al ArgArgAlaLeuGi uGi uAiaThrPheSerSerPheThrAsp —
OLIGO. 807b
 — — ■■■■   ■—   —  —  •*— — —  — -*  ■ * 6-60
GCTTCACGCGGTACTGGACTGCCCGGGCGAGGCCCAGGAGCATC.ACGAACCCCATGCGGA 
PheHi sAlaMetValGlnArgAlaArgGluProAspGIuTyrHi sLysProTyrAlaGlu -
,L'L-L-L' < _ __
720
GCCCGGGCACGCGAAGCCGCGGCCTTGGGCGGAGCGGGAGGACCTCGC.GGCAGCAGTCGG 
ProGlyHisAlaGluAlaGlySerGlyAlaGluGlyGluGlnLeuAlaThrThrLeuGly -
0LIG0. 907b
CGGCCCATACGTGGT§^|^^^^^^g3^I^fGGACGGTGCCGCCCAGGTATTCGG
 -------------- h---------------“4*— —--------— ----- h-------------------------   - 730
G CCGGG7ATGCACCATCACGAACGCCCGCACGACCTC.CTGCCACGGCGGGTCCATAAGCC 
Ala7rpV/alHi s7yrHi sLysArgAl aHi sGl n L e u V a  17hr-GlyGlyLeu7yrGl uSer -
AGGCGCCGGACACCAGGAACGCC7GGGCGGCGGGGGAG7TGCGG7AGCGG7CGCCGTCCG
-----    — ------------   *--------------- -------------- — gao
7CCGCGGCCTG7GG7CCTTGC4GM-QgM§^l^iiiiiS|g?CCA7CGCCAGCGGCAGGC 
AlaGl ySerV/ai LeuPheAlaGlriAlaAlaProS\?rAsriArg7yrArgAspGlyAspAla -
OLIGO. 807a
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CTTCCAGCAACTCCAGCGCGACGAGCGCGTCGAGGAACTCCTTGGCCAGCGGATGGACCA
3 d l ---------*-------------------   —    ► 900
GAAGGTCOTTGAGGTCGCGCTGCTCGCGCAGCTCCTTGAGGAACCGGTCGCCTACCTGCT 
G1 uLeuL*uGIuLeuAlaV/alLeuAlaAspl.ffuPheGluLysAlaLeuProHisV/al lie -
TCCGCAGCCGGTCCTTCACCTCCTCGGCGGTCGCGGGCCCGTCGGCGAGCAGGTCGAACA
<qn 1  -*•     - 4-  ■ — 4— —- ■ - -— ------- ---------—'r 960
AGGCGTCGGCCAGGAAGTGGAGGAGCCGCCAGCGCCCGGGCAGCCGCTCGTCCAGCTTG7 
ArgLeuArgAspLysl/alGluGluAlaTfirAiaProGlyAspAlaLeuLeuAspPheLeu -
PstI
GGCCCAGCTCCACGGCGCTGTGCAGGGCCTTCGCCTGGTGGTACGCGGTGGTCAGCTGCA
9^ 1 i . —f— ^  — .4. , . .  1020
CCGGGTCGAGGTGCCGCGACACGTCCCGGAAGCGGACCACCATGCGCCACCAGTCGACGT 
GlyLffuGluV/alAlaSerHisLeuAlaLysAlaGlnHi sTyrAlaThrThrLeuGlnLeu —
i o  t u u  » uu  < CM * y u o t t t  i 1 I
j  0 2 1  -------------------------------■+■------------------------------.— *•------------  1 ............» . . .  . I .  i t ---------------+. 1 0 0 0
CG7CGCTCGCCCGGACCCGGTGCCCCCGCTCGCCACACCACCAG7ACCC7GAGGAACCGG
Le*iSerArgAlaGlnAlaV/aIProAlaLeuProThrThr7hrMet KBS
otcZ
10P: i -------------  —- -----------------  ■*----  •*--------  -*-----------------■+• lld .0
ACCC77CGCCGCCCGCGCC77CCCG7CCC77GGCCCACCCCCACGGAG7G7ACCGCCCGC
Endfle tAIaProPro —
l i i i i  — 1200
CGGGC77GG7CCACGCG7CCCGCAGCCAC7CGGGCAGGCA7GGGCAGAGGCC7CGGC0CC 
GlyPheTrp7hrArgLeuAlaAsp7hrLeuGlyAsp7hrGly7hrGluProAlaAlaThr -
7CCAGCAGA7G7AGCCG7CGGGGCG7ACGAGCAGCGCGG7CAGCCCG7CGACCGCGGAGC
1 2 0 1            '+— ------ H   *• 1260
AGG7CG7C7ACA7CGGCAGCCCCGCA7GC7CG7CGCGCCAG7CGGGCAGC7GGCGCC7CG 
7rpCys 11 e Ty rG 1 yAsp Pro A rgVal LeuLeuAlaThrLeuGlyAspV/alAlaSerGly “
Smal
CCGGG
1261------1265
GGCCC 
Pro??? -
otcC----
F ig u r e  4.5. A n n o ta ted  seq u en ce  o f th e  l,2 6 5 b p  B cK -Sm al re g io n . 
T he p re d ic te d  amino ac id  se q u e n c e s  o f o tcZ  a n d  th e  C -te rm in u s  
o f o tcC  a re  show n below th e  c o r re s p o n d in g  n u c leo tid e  s e q u e n c e s . 
T he sh a d e d  boxes in d ic a te  th e  n u c le o tid e s  in c o rp o ra te d  in to
th e  o lig o n u c le o tid e s  w hich  w ere u se d  a s  p r im e rs  fo r  s e q u e n c in g . A 
p o s s ib le  ribosom e b in d in g  s ite  (RBS) fo r  o tcZ  is a lso  in d ic a te d . For 
c la r i ty ,  o n ly  r e s t r ic t io n  s ite s  r e f e r r e d  to in  th e  te x t a re  in d ic a te d .
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4.2.3 C om p u te r-A ssis ted  S eq u en ce  A nalysis
C om puters h av e  an  in te g ra l  ro le  in  th e  a n a ly s is  of DNA seq u en ce , 
due to  th e  enorm ous am ount of d a ta  th a t  h as  b e e n  g e n e ra te d  and  th e  
complex a lg o rith m s em ployed in  seq u en ce  a n a ly s is  a n d  com parison. The 
1.3kb BcR-SmaL  seq u en ce  w as an a ly sed  u s in g  th e  "S eq u en ce  A nalysis 
S oftw are P ackage, V ersion  6.2" from  th e  G enetics C om puter G roup a t  th e  
U n iv e rs ity  of W isconsin (UWGCG) (D evereux e t  al., 1984). This package  
has b een  com piled spec ifica lly  fo r m olecular g e n e tic is ts  w ish ing  to  
an a ly se  an d  com pare seq u en ce  d a ta  ra p id ly  a n d  a c c u ra te ly . A ccess to  
th e  th re e  main d a tab a se s ; EMBL, NBRF an d  GenBank was availab le  
th ro u g h  th is  system .
The UWGCG p ack ag e  was u sed  su cc e ss fu lly  to  p re d ic t  th e  p o ten tia l 
p ro te in  coding  re g io n  of otcZ  an d  th e  amino ac id  seq u en ce  of th e  gene 
p ro d u c t, to  id e n tify  s im ila rity  w ith  o th e r  p ro te in s  an d  co n se q u e n tly  to  
s u g g e s t  a  p o ssib le  enzym atic  fu n c tio n  fo r  th e  p re d ic te d  p ro te in . The 
in d iv id u a l UWGCG p ro g ram s w hich w ere u sed  a re  l is te d  below.
WORDSEARCH: se a rc h e s  fo r any  seq u en ce  s im ila rity  be tw een  th e  
q u e ry  seq u en ce  an d  e n tr ie s  in  th e  d a tab a se s  u s in g  a  W ilbur an d  Lipman 
a lgo rithm  (1983).
SEGMENTS: a lig n s  an d  d isp lay s  segm en ts  of s im ila rity  fo und  b y  
WORDSEARCH.
TFASTA: t r a n s la te s  nucleo tide seq u e n c es  he ld  in  a  d a tab ase  in
all six fram es, b e fo re  sea rc h in g  fo r  an y  seq u en ce  s im ila rity  to  a  q u e ry  
p e p tid e  seq u en ce  u s in g  a  P earson  and  Lipman a lg o rith m  (1985).
COMPARE: com pares two p ro te in  se q u e n c e s  fo r  p o in ts  of
sim ilarity .
DOTPLOT: d isp la y s  g rap h ica lly  th e  p o in ts  of s im ila rity  fo u n d  by
COMPARE.
FOLD: f in d s  an  optimum sec o n d a ry  s t r u c tu r e  fo r  RNA
m olecules u s in g  th e  m ethod of Zucker (1981).
STEMLOOP: f in d s  in v e r te d  re p e a ts  w ith in  a  seq u en ce  w hich could 
form  seco n d a ry  s t ru c tu re .
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B efore th e  a n a ly s is  of th e  otcZ  s eq u en ce  is  d e sc r ib e d , i t  is  
a p p ro p r ia te  th a t  a  few of th e  te rm s u se d  commonly in  th e  p ro ceed in g  
sec tio n s  a re  exp lained . An "algorithm " is  d e fin ed  as  th e  d e sc rip tio n  of 
how to  so lve a  prob lem  p re s e n te d  in  te rm s th a t  could  be so lved  u s in g  a  
com puter. DNA seq u en ce , in  common w ith  i ts  b iological ro le , is- an a ly sed  
a s  a  lin e a r  a r r a y  of in form ation . A "window" is  a  fixed le n g th  of 
seq u en ce  w ith in  w hich  a  s ta t is tic a l ca lcu la tio n  is  p e rfo rm ed . T his 
ca lcu la tion  is sp ec ified  b y  th e  algorithm . A "sco rin g  m atrix" is  a  two 
dim ensional a r r a y  o f sc o re s  w hich r e p re s e n t  th e  d eg re e  of " re la te d n e s s"  
betw een  e n titie s  be in g  com pared. F or exam ple, th e  Dayhoff m atrix , 
w hich is  u sed  b y  COMPARE, co n ta in s  v a lu e s  w hich  r e p r e s e n t  th e  d e g re e  
of "ev o lu tio n ary  re la te d n e s s "  fo r  e v e ry  p o ssib le  pa irw ise  com parison  of 
amino ac id s . M atrices a re  ex trem ely  u se fu l fo r  id e n tify in g  im p erfec t 
hom ologies be tw een  amino acid  seq u en ces .
4.2.3.1 P o ten tia l P ro te in  Coding R egions
An open  re a d in g  fram e (ORF) is d e fin ed  as  a  s t r in g  of t r ip le ts ,  
w hich does no t co n ta in  a n y  tra n s la t io n  s to p  codons (i.e UAA, UGA o r 
UAG). Only ORFs w hich  in c lu d e  an  in -fram e  tra n s la t io n  s t a r t  codon a t  
th e  5’ en d  can  be co n s id e re d  as p o te n tia l p ro te in  coding  re g io n s  
(PPCRs). In  S tre p to m y c e s , a s  in  E. coli, th e  m ost common in itia tio n  codon 
is AUG (82%). Not s u rp r is in g ly  p e rh a p s , th e  GUG codon is n o tic eab ly  
more f r e q u e n t  in  S trep to m y c es , being  p re s e n t  in  approx im ate ly  18% of 
gen es  com pared to  th e  3% in  E. coli. T ran s la tio n  in itia tio n  a t  o th e r  
codons h as no t b een  id en tified  in  S trep to m y c es  g en es . In  E. coli a  v e ry  
small num ber of p ro te in s  a re  in itia ted , how ever, b y  th e  UUG codon an d  
th e  AUU codon. (Gold e t  al., 1981; Strom o, 1986). Of th e  S tre p to m y c e s  
g enes w hich have  b een  seq u en ced  com pletely , 67% a re  te rm in a ted  b y  
UGA, 29% b y  UAG an d  4% by  UAA (Bibb, p e rs . comm.).
P o ten tia l p ro te in  coding  reg io n s  (PPCRs) in  th e  1.3kb BcRs-Smal9  
frag m en t w ere  id e n tif ie d  u s in g  th e  FRAME algo rithm  (Bibb e t  al., 1984). 
FRAME an a ly s is  exp lo its  th e  non -random  d is tr ib u tio n  of b a se s  w ith in  
codons to  id e n tify  PPCRs. S trep to m y c es  DNA h as ty p ic a lly  a  b a se  
com position of 73% mol G+C (E n q u ist an d  B rad ley , 1971), w hich  is  
re f le c te d  in  th e  b iased  u sag e  of synonym ous codons. The a v e ra g e  mol 
G+C com position in  th e  f i r s t ,  second an d  th ir d  p o s itio n s  of s tre p to m y c e te  
codons a re  70%, 45% an d  90%, re sp e c tiv e ly  (ca lcu la ted  from  a  file  of 63
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g en es  com piled b y  B ibb, u n p u b lish e d  re s u l t ) .  In te rv e n in g  re g io n s  
betw een  cod ing  se q u e n c e s  have a  random  d is tr ib u tio n  of b a se s  w ith in  
co n secu tiv e  t r ip le ts .  The FRAME p ro g ram  sc a n s  DNA seq u en ce  an d  
de term in es  th e  mol% G+C com position a t  th e  f i r s t ,  second  an d  th i r d  
p o sitio n s  of a  n u m b er of t r ip le ts  from  a  "w indow ", w hich u su a lly  
co n ta in s  25 to  50 tr ip le ts .  The mol% G+C fo r  each  of th e  th re e  b ase  
p o sitio n s  w ith in  th e  "window" a re  th e n  p lo tte d  a g a in s t  a  lin e a r  
re p re se n ta tio n  of th e  seq u en ce , above th e  f i r s t  nu c leo tid e  o f  th e  
"window". The "window" is  th e n  m oved a long  one t r ip le t  an d  th e  
ca lcu la tion  re p e a te d . This p ro c e d u re  is  co n tin u e d  u n til  th e  e n tire  
seq u en ce  h as  b een  an a ly sed .
FRAME re v e a le d  two PPCRs w ith in  th e  1.3kb B cR -Sm al reg io n  
(F ig u re  4.6). The h eav y  line  is th e  p lo t of th e  mol% G+C com position a t  
e v e ry  th i r d  b ase , in  a  window of 50 t r ip le ts ,  s ta r t in g  a t  base  3  of th e  
BcR-SmaL  seq u en ce . S im ilarly, th e  b ead ed  ( - • - )  line  is  th e  p lo t 
s ta r t in g  a t  base  2 an d  th e  th in  line is  th e  p lo t s ta r t in g  a t  b ase  tb  The 
a n a ly s is  of th e  g ra p h ic  o u tp u t will be c o n s id e re d  from  th e  BcR  s ite  
(base  1). The FRAME p lo ts  a re  im m ediately d iv e rse  an d  s t a r t  to  
c o n v e rg e  a ro u n d  po sitio n  920. The h eav y  line  p lo t com m encing from  
b ase  a v e ra g e s  a ro u n d  45% mol G+C an d  th u s ,  c o rre sp o n d s  to  th e  
second  p o sition  of th e  codons in  th e  PPCR. S im ilarly , th e  b ead ed  line  
o rig in a tin g  from base  2, w ith i ts  a v e ra g e  G+C com position of 95%, 
c o rre sp o n d s  to  th e  th ir d  codon position  an d  th e  th in  line  from  b ase  tb  
w hich f lu c tu a te s  a ro u n d  75%, c o rre sp o n d s  to  codon p o sitio n  1. T h e re fo re , 
th e  open  re a d in g  fram e fo r  PPCR1 is t r a n s la te d  from  r ig h t  to  le f t  in  
th e  BcR-SmaL  seq u en ce  in  nucleo tide  fram e 2 (N2<).
Two p o ten tia l s t a r t  codons, a  AUG a t  1066nt an d  a  GUG a t  1042nt 
an d  a UGA s to p  codon a t  34nt re sp e c tiv e ly , w ere  id en tified  fo r  PPCR1 
(g rap h ica lly  r e p re s e n te d  above th e  FRAME p lo t) . The AUG codon is  
p re c ed e d  b y  a rea so n ab le  ribosom e b in d in g  s ite  (AAGGAG) w ith  a  h ig h  
d eg re e  of com plem entarity  to  a  reg io n  close to  th e  3* en d  of 16S rRNA 
from  S. l iv id a n s  (seq u en ced  by Bibb an d  Cohen, 1982) (F ig u re  4.5). T his 
p u ta tiv e  RBS is s e p a ra te d  from th e  AUG t r ip le t  b y  4 n t an d  is  well w ith in  
th e  lim its of 5 -9 n t fo r  Sh ine-D algarno  in te ra c t io n s  (Gold e t al., 1987). No 
s ig n ific a n t com plem entarity  to th e  3’ te rm in u s  of S. liv id a n s  16S rRNA 
w as fo und  w ith in  th e  seq u en ce  im m ediately u p s tre am  of th e  GUG
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F ig u re  4.6. FRAME p lo t (Bibb e t  al., 1984) of th e  1, 265bp o tc Z  re g io n  
u s in g  a  "w indow " of 50 t r ip le ts .  The th in  line  p lo t (— ) r e p r e s e n ts  th e  
f i r s t  t r i p l e t  p o s itio n  a n d  i ts  a sso c ia te d  re a d in g  fram es (Nl> a n d  N2<); 
th e  b e a d e d  line  ( - • - )  r e p r e s e n ts  th e  seco n d  t r i p le t  p o s itio n  a n d  i t s  
r e la te d  re a d in g  fram es (N2> an d  N3<) a n d  th e  h e a v y  lin e  (— ) in d ic a te s  
th e  th i r d  t r ip le t  p o s itio n  an d  i ts  a s so c ia te s  re a d in g  fram es  (N3> a n d  
N l<). Sym bols > a n d  < in d ic a te  AUG co d o n s  in  th e  fo rw a rd  a n d  r e v e r s e  
fram es  re s p e c tiv e ly , Sym bols > a n d  < in d ic a te  GUG cod o n s a n d  th e  
sym bol | in d ic a te s  s to p  codons.
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codon. I t  was concluded , th e re fo re , th a t  th e  AUG codon a t  1066nt was 
th e  p ro b ab le  tra n s la t io n  in itia tio n  codon fo r  PPCR1. T ran s la tio n  in itia tio n  
is  co n s id e re d  in  more d e ta il w ith in  C h ap te r 7. The FRAME a n a ly s is  
s ta r t in g  a t  th e  BcR  s ite  was im m ediately d iv e rse , a s  th e  n o n -co d in g  
re g io n  betw een  th e  BcR  s ite  an d  th e  3’ en d  of o tcZ  w as v e ry  s h o r t  
(31bp) an d  c o n seq u en tly  th e  "w indow s" (150nt) th a t  co v e red  th is  reg io n  
w ere  p rim arily  in flu en ced  b y  th e  cod ing  seq u en ces  of PPCR1.
A lthough  th e  p lo ts  s ta r te d  to  co n v e rg e  a t  base  p o s itio n  920, an  
eq u ilib riu m  position  was n e v e r  re a c h e d  a ro u n d  73 mol% G+C com position. 
In s te a d  th e  p lo ts  d iv e rg e d  once more. This d iv e rg e n ce  s u g g e s te d  th e  
p re se n c e  of a  second  s h o r t  PPCR a t  th e  extrem e r ig h t  en d  of th is  
reg io n . P relim inary  seq u en ce  d a ta  from  th e  P fize r L ab o ra to rie s  a t  
S andw ich  (B utler, u n p u b lish e d  re s u lt) ,  h as  id e n tif ie d  PPCR2 a s  th e  3* 
en d  of th e  otcC  gene, w hich encodes th e  ATC o x y genase  (see Section
4.1). The tra n s la tio n  s to p  codon fo r  otcC  is  a t  b ase  1129, w hich is  in  th e  
same fram e as PPCR1. The in te rv e n in g  reg io n  of 60bp b e tw een  PPCR1 
an d  PPCR2 is much s h o r te r  th a n  th e  window (150nt) u se d  fo r  FRAME 
an a ly s is . T h ere fo re , th e  FRAME v a lu es  w ere s tro n g ly  in flu en ced  b y  
seq u e n c es  in  PPCR1 an d  PPCR2. This exp lains w hy an  equ ilib rium  
p o sitio n  a ro u n d  73 mol% G+C, w hich is norm ally  ty p ic a l of n o n -co d in g  
seq u en ce , was n e v e r  reach ed . The same PPCRs in  th e  B cR -Sm al reg io n  
w ere  a lso  id en tified  u s in g  th e  TESTCODE p ro g ram  from  th e  UWGCG 
p ack ag e  (D evereux, 1984).
The o tcZ ld l m utation , w hich was m apped close to  th e  " le ft"  of 
th e  PstLs s ite  (B utler e t a l 1989), p ro b a b ly  lies w ith in  PPCR1. 
T h e re fo re , PPCR1 will be r e f e r r e d  to  as  th e  otcZ  s t r u c tu r a l  gene. The 
o tcZ  g ene  was p re d ic te d  to  encode a p ro te in  of 344 amino ac id s  w ith  a  
m olecular w eigh t of 37.36kD. As expec ted  fo r  a s tre p to m y c e te  g en e , otcZ  
h as  an  a v e rag e  mol G+C d is tr ib u tio n  in  th e  f i r s t ,  second  an d  th ir d  
codon p o sitio n s  of 75.6%, 46.4% an d  94.5% re sp e c tiv e ly . C om parison of 
th e  codons u sed  in  otcZ  w ith  a  codon p re fe re n c e  tab le  com piled from  63 
S tre p to m y c e s  genes (Bibb, u n p u b lish ed  d a ta ) , re v ea led  th a t  th e  b iased  
u sag e  of synonym ous codons in  otcZ  was in  acco rd an ce  w ith  th e  codon 
p re fe re n c e s  o b serv ed  fo r o th e r  s trep to m y ce te  g en es  (F ig u re  4.7).
C hapter 4 T he  o tcZ  g e n e  130
( A )  < B )
T. C A 0 1
F TTT 0.04 S TCT 0.06 Y TAT 0.11 C TGT 0.10 T
T F TTC 2.89 s TCC 2.11 Y TAC 2.22 C TGC 0.69 C
L TTA 0.02 s TCA 0.15 * TAA 0.01 * TGA 0.26 A
L TTG 0.26 s TCG 1.40 * TAG 0.05 W TGG 1.55 G
L CTT 0.22 p CCT .0.18 H CAT 0.16 R CGT 0.51 T
C L CTC 3.52 p CCC 2.36 H CAC 2.33 R CGC 3.74 C
L CTA 0.03 p CCA 0.07 Q CAA 0.18 R CGA 0.32 A
L CTG 5.08 p CCG 2.87 Q CAG 2.45 R CGG 2.96 G
I ATT 0.14 T ACT 0.14 N AAT 0.10 S AGT 0.14 T
G I ATC 3.07 T ACC 4.49 N AAC 2.35 S AGC 1.46 C
I ATA 0.10 T ACA 0.15 K AAA 0.12 R AGA 0.10 A
H ATG 1.55 T ACG 1.99 K AAG 2.29 R AGG 0.46 G
V GTT 0.27 A GCT 0.38 D GAT 0.27 G GGT 0.74 T
A V GTC 4.40 A GCC 7.77 D GAC 6.16 G GGC 0.74 C
V GTA 0.16 A GCA 0.55 E GAA 1.11 G GGA 0.85 A
V GTG 3.08 A GCG 4.39 E GAG 4.83 G GGG 1.70 G
T C A G
F TTT 0 .0 0 s TCT 0 . 0 0 Y TAT 0 . 0 0 C TGT 0. 00 T
T F TTC 3. 19 s TCC 2. 61 Y TAC 2. 61 C TGC 0. 00 C
L TTA 0 . 0 0 s TCA 0 . 0 0 * TAA 0 . 0 0 * TGA 0. 29 A
L TTG 0 . 2 9 s TCG 0 . 58 * TAG 0 . 0 0 WTGG 1.16 G
L CTT 0 . 0 0 p CCT 0 . 00 H CAT 0 . 2 9 R CGT 0. 58 T
C L CTC 4 . 06 p CCC 2 . 61 H CAC 4 . 64 R CGC 4.06 C
L CTA 0 . 0 0 p CCA 0 . 0 0 Q CAA 0 . 2 9 R CGA 0 . 00 A
L CTG 8 . 41 p CCG 2.91 Q CAG 2 .6 1 R CGG 2.61 G
I ATT 0 . 0 0 T ACT 0. 00 N AAT 0 . 0 0 S AGT 0 .0 0 T
G I ATC 2 . 32 T ACC 2 . 90 N AAC 1.16 S AGC 1.74 C
I ATA 0. 29 T ACA 0. 29 K AAA 0 . 0 0 R AGA 0. 00 A
H ATG 0 . 87 T ACG 2 . 03 K AAG 2 . 0 3 R AGG 0 . 0 0 G
V GTT 0 . 0 0 A GCT 0 . 00 D GAT 0 . 29 G GGT 0 . 58 T
A V GTC 3 . 19 A GCC 7.54 D GAC 5 . 8 0 G GGC 6 . 09 C
V GTA 1.16 A GCA 0. 29 E GAA 1 . 16 G GGA 0 . 00 A
V GTG 2 . 90 A GCG 5. 80 E GAG 6 . 0 9 G GGG 1.74 G
F ig u re  4.7. (A) Codon u sa g e  in  th e  o tc Z  s t r u c tu r a l  gene  (B) Codon
u s a g e  in  a  file  o f 63 s tre p to m y c e te  g e n e s  (com piled b y  B ibb , 
u n p u b lis h e d  d a ta ) . T he n u m b ers  r e p r e s e n t  th e  f r e q u e n c y
w ith  w h ich  th e  co d o n s a re  u sed . The f r e q u e n c y  is  e x p re s s e d  a s  a  
p e rc e n ta g e  (%) of th e  to ta l  n u m b er of co d o n s in  th e  file .
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4.2.3.2 Amino Acid S eq u en ce  Com parisons
U sing  WORDSEARCH and  SEGMENTS, com parison  of th e  p re d ic te d  
amino acid  seq u en ce  of otcZ  to  p ro te in  se q u e n c e s  held  in  th e  NBRF- 
P ro te in  d a tab a se  (R elease 24, M arch 1990), re v ea led  th a t  a
hyd ro x y in d o le  O -m e th y ltra n s fe ra se  (HIOMT) from  bov ine  p in ea l g lan d s 
(Ish id a  e t al., 1987) had  th e  h ig h e s t  seq u en ce  sim ila rity . Com parison of 
th e  amino acid  seq u e n c e  of otcZ  w ith  e n tr ie s  in  th e  EMBL (Release 19, 
Ju ly  1990) an d  GenBank (Release 60, Ju n e  1989) d a ta b a se s  u s in g  TFASTA 
did  n o t id e n tify  a n y  o th e r  e n tr ie s  w ith  seq u e n c e  s im ila rity  to  th e  otcZ  
gene p ro d u c t (OtcZ). The bovine hyd rox y in d o le  O -m e th y ltran s fe ra se  is a  
p ro te in  of 350 amino a c id s  w ith  a  m olecular w e ig h t of 37.78kD, sim ilar to  
th a t  of OtcZ. HIOMT is  invo lved  in  th e  b io sy n th e s is  of m elatonin, w hich 
has  b een  s tu d ie d  in te n s iv e ly  b y  b iochem ists  a n d  p h y sio lo g is ts . The 
amino acid  seq u en ce  of HIOMT was p re d ic te d  from  th e  DNA seq u en ce  of a  
cDNA clone iso la ted  b y  sc ree n in g  a  l ib ra ry , w hich  had  b een  c o n s tru c te d  
in  th e  lam bda g t  ex p ress io n  v e c to r , w ith  m onoclonal an tib o d ie s  to  
p u rif ie d  HIOMT (Ish id a  e t  a l 1987).
The tcm la  ORF4, from th e  te tracen o m y c in  C -p ro d u ce r, S. 
g la u cescen s , w as re p o r te d  b y  H utch inson  a t  th e  19th UCLA Symposium in  
Colorado (1990) to  encode a p ro te in  w hich also  h a s  seq u en ce  sim ilarity  to  
th e  bovine HIOMT. The p re d ic te d  p ro d u c t of tcm la  0RF4 has a  
m olecular w e ig h t of 55.93kD and  co n ta in s  494 amino ac id s  (H utchinson, 
p e rs . comm.). The seq u en ce  sim ilarity  is  lim ited to  th e  ca rb o x y -te rm in a l 
tw o -th ird s  of HIOMT. However, th e  am ino-te rm ina l reg io n , ex ten d in g  to  
o n e - th ird  of th e  p re d ic te d  p ro d u c t of tcm la  ORF4, h as  h ig h  seq u en ce  
sim ilarity  to  th e  am ino-term inal ha lf of th e  p re d ic te d  p ro d u c ts  of a c t 
ORF4 an d  g ra  ORF4 an d  th e  fu ll- le n g th  p ro d u c t  of whiE  ORF6 
(Hopwood an d  S herm an, 1990). Both a c t  ORF4 an d  g ra  ORF4 a re  
p o s tu la te d  to  encode b ifu n c tio n a l c y la s e /d e h y d ra s e s  (Hopwood an d  
Sherm an, 1990), w hich a re  re q u ire d  fo r th e  fo rm ation  of th e  c o r re c t  
isochrom anequ inone n u c leu s , as  th e y  com plem ent a c tV II  m u tan ts  th a t  
accum ulate an  a b e r ra n tly -c y c lis e d  s h u n t p ro d u c t, m u tac tin  (Zhang e t  
ah, 1990). The am ino-te rm inus of th e  p re d ic te d  p ro te in  p ro d u c t of tcm la  
ORF4 an d  th e  p ro d u c t of whiE  ORF6 may also  co n ta in  cyclase  a c tiv ity . 
The re a d e r  is d ire c te d  to  th e  In tro d u c tio n  (S ection  1.12) fo r a  more 
detailed  d iscu ss io n  of th e  p ro posed  role of th e  above gene  p ro d u c ts  in  
th e  s y n th e s is  of p o ly k e tid es.
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P ro d u c tio n  of te tracen o m y c in  C w as re s to re d  w hen tcm la  0RF4 
was in tro d u c e d  on a  plasm id in to  tc m ll  a n d  tcm V  m u tan ts , w hich 
accum ulate  C-3 dem ethy l in te rm ed ia te s  (H utch inson , p e rs . comm.) The 
gene p ro d u c t  of tcm la  0RF4 a p p e a re d , th e re fo re , to  h a v e -  C-3 0 -  
m e th y ltra n s fe ra se  a c tiv ity , in  ad d itio n  to  i t s  p u ta tiv e  ro le  in  cycliza tion . 
R ecen tly , H u tch inson  an d  co w o rk ers  w ere  s u rp r is e d  to  f in d  th a t  
deletion  of th e  p ro p o sed  ribosom e b in d in g  s ite  an d  tran sla tio n , in itia tio n  
codon fo r  tcm la  0RF4, d id  no t in te r f e r e  w ith  th e  com plem entation of 
tc m ll  an d  tcm V  m u tan ts  (H utchinson, p e rs . comm.). An AUG codon, w hich 
is  located  approx im ate ly  o n e - th ird  of th e  w ay in to  tcm la  0RF4 (amino 
acid  137), is  p re c e d e d  b y  a  rea so n ab le  ribosom e b in d in g  s ite  a n d  may 
a c t  as  a n  in itia tio n  codon fo r  th e  tra n s la t io n  of th e  C-3 0 -
m e th y ltra n s fe ra se . The b o u n d a ry  b e tw een  th e  p u ta tiv e  "cy c lase"  a n d  
" m e th y ltra n s fe ra se "  cod ing  reg io n s  is  c u r r e n t ly  be in g  re -s e q u e n c e d  an d  
ex p re ss io n  s tu d ie s  c a r r ie d  o u t to  e s ta b lish  if tcm la  0RF4 is , in  fa c t, two 
ju x ta p o sed  PPCRs. F or th e  p u rp o se s  of com parison  w ith  HIOMT an d  OtcZ, 
on ly  th e  p re d ic te d  p ro d u c t of tcm la  0RF4 from  m ethionine 137 (OMT) was 
co n sid e red . Optimum alignm ent of th e  amino ac id  seq u en ces  of OtcZ, 
HIOMT an d  tcm la  OMT by  ra tio n a lis in g  all th e  p o ssib le  pa irw ise
com parisons u s in g  WORDSEARCH an d  SEGMENTS (F ig u re  4.8), re v e a le d  
th a t  OtcZ has  20.3% (71/350) and  23.5% (84/358) o v e ra ll amino acid
seq u en ce  id e n tity  to  HIOMT an d  tcm la  OMT re sp e c tiv e ly .
COMPARE an d  DOTPLOT w ere u sed  to  id e n tify  th e  m ost c o n se rv e d  
reg io n s  in  th e  above p ro te in  seq u en ces . COMPARE a n a ly se s  two p ro te in  
seq u en ces , c re a tin g  a  file of p o in ts  of s im ila rity  betw een  them  w hich can  
be d isp lay ed  u s in g  DOTPLOT. The COMPARE p rog ram  f in d s  p o in ts  of 
s im ilarity  u s in g  a  "w in d o w "/"s trin g en cy "  m atch c r ite r ia . The se q u e n c e s  
a re  com pared  in  all p o ssib le  r e g is te r s  a n d  w h ere  th e  q u a lity  of th e  
m atches w ith in  a  "window" of amino ac id s  is  g re a te r  th a n  o r eq u a l to  a  
va lue  sp ec ified  b y  th e  " s tr in g e n c y " , th e  p o in t is w ritte n  to  a  file. 
M atches a re  d e term ined  u sin g  th e  D ayhoff m atrix  w hich c o n ta in s  a  
num erical va lue  re p re se n tin g  th e  e v o lu tio n a ry  d is tan ce  fo r  e v e ry  
p o ssib le  amino acid  com parison (D evereux e t  al,) 1984).
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F ig u r e  4.8. A lignm ent of th e  p r e d ic te d  amino ac id  s e q u e n c e s  of tcmla
OMT, OtcZ a n d  HIOMT. L ines  ( |-------- |) in d ic a te  th e  two re g io n s
id e n t i f ie d  by  COMPARE a n d  DOTPLOT as  b e in g  th e  most e v o lu t io n a ry  
c o n s e r v e d  (F ig u re  4.9). A s te r i s k s  (*) a n d  th e  sym bol (B) in d ic a te  th e  
p o s i t io n s  of th e  c o n s e rv e d  g ly c in es  a n d  a s p a r t a t e ,  r e s p e c t iv e ly ,  w hich  
a r e  t h o u g h t  to  be in v o lv ed  in  th e  b in d in g  of S -ad en o sy lm e th io n in e .  
Amino a c id s  w ere  g ro u p e d  a s  follows; (GASTP), (ILVM), (FYW), (QNED), 
(HKR) a n d  (C).
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F ig u re  4.9. COMPARE/DOTPLOT a n a ly se s  o f th e  d e d u c e d  p ro te in  p ro d u c t  
of o tcZ  v e r s u s  (A) HIOMT (Ish id a  e t  a l , 1987) a n d  (B) th e  d e d u c e d  
p ro te in  p ro d u c t  of tcm la  0RF4 (amino a c id s  137-494) (H u tch in so n  p e r s .  
comm.). The s t r in g e n c y  w as 20 fo r  a  w indow  of 30 am ino a c id s  ( fo r  
d e f in itio n s  of w indow a n d  s tr in g e n c y , see  D ev ereu x  e t  al. , 1984).
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U sing th e se  m atch c r i te r ia  i t  is  p o ssib le  to  d e term in e  im p erfec t 
homologies an d  show e v o lu tio n a ry  re la tio n sh ip s . COMPARE p u ts  only  one 
p o in t in  th e  file  a t  th e  m iddle p o sition  of th e  window w h en ev e r th e  
s tr in g e n c y  is  met.
DOTPLOTS of th e  com parisons betw een  OtcZ, HIOMT a n d  tcm la  OMT 
h ig h lig h te d  two reg io n s , sh a re d  b y  all th r e e  p ro te in s , w hich  a p p e a re d  
to  be p a r tic u la r ly  well co n se rv e d . W ithin reg io n  A, OtcZ (amino ac id s  6 
to  53) show s 22.0% (11/50) a n d  36.7% (18/49) amino ac id  seq u en ce
id e n tity  to  HIOMT (2-51) an d  tcm la  OMT (159-207) re sp e c tiv e ly . W ithin 
Region B, OtcZ (amino ac id s  171 to  246) h as  34.7% (26/75) a n d  37.0% 
(27/73) amino acid  seq u en ce  id e n tity  to  HIOMT (175-247) an d  tcm la  OMT 
(324-398) re sp e c tiv e ly  (F ig u re  4.8).
S -A denosylm ethionine is th e  m ononucleotide coenzym e th a t  d o n a tes  
th e  m ethyl g ro u p  in  th e  hyd ro x y in d o le  O -m e th y ltra n s fe ra se  re a c tio n  
(Axelrod an d  W eissbach, 1961; Nakane e t al., 1983)). A " f in g e rp r in t”
seq u en ce  h as  been  id en tified  th a t  is c h a ra c te r is t ic  of th e  n u c leo tid e -
b in d in g  dom ains of many p ro te in s  (W ierenga an d  Hoi, 1983). A lthough  th e  
n u c leo tid e -b in d in g  sequence  was id e n tif ie d  in itia lly  in  p ro te in s  th a t  
b in d  NAD+ (W ierenga and  Hoi, 1983), th is  motif h as  also  b een  fo und  in  
p ro te in s  w hich b ind  n uc leo tides su ch  a s  FAD, GTP and  ATP (Ogawa e t  
al., 1987).
X -ray  c ry s ta llo g rap h ic  s tu d ie s , have  show n th a t  amino ac id s  
w ith in  th e  " f in g e rp rin t"  seq u en ce  in te ra c t  w ith  th e  ad en o sin e  5* 
d ip h o sp h a te  moiety in  th e  nuc leo tid es  (W ierenga an d  Hoi, 1983). The 
d in u c leo tid e -b in d in g  domain c o n s is ts  of a  reg io n  of 13-sheet followed b y  
a  reg io n  of a-he lix  and  th e n  a n o th e r  reg io n  of 13-sheet, m aking up  a  
l3a/3 u n it w ith th e  following fe a tu re s : (i) th e  seq u en ce  G-X-G-X-X-G in  
th e  reg io n  jo in ing  th e  f i r s t  13-strand an d  th e  amino te rm in u s  of a -he lix ,
(ii) th e  p re se n c e  of a hy d ro p h ilic  re s id u e  a t  th e  b e g in n in g  of th e  f i r s t  
13-sheet reg io n  and  (iii) th e  p re se n c e  of an  acid ic re s id u e  a t  th e  
carb o x y l te rm in u s of th e  second  13-sheet. In  a d d itio n , s e v e ra l
h y d ro p h o b ic  re s id u es  a re  located  a t  spec ific  p o s itio n s  in  th e
h y d ro p h o b ic  core of th e  I3af3 un it. The f i r s t  an d  th ir d  in v a r ia n t  g ly c in es
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of th e  n u c leo tid e -b in d in g  13al3 u n its , allow th e  p o ly p e p tid e  ch a in  to  make 
a  s h a rp  tu r n  betw een  th e  f i r s t  13-strand an d  th e  a -helix . The p re sen c e  
of a  s ide  chain  a t  th e  f i r s t  g lycine position  w ould in te r f e re  w ith  th e  
b in d in g  of th e  r ib o se  moiety. The second  g ly c in e  allows th e  
p y ro p h o sp h a te  m oiety to  a p p ro a ch  th e  amino te rm in u s  of th e  a-helix , 
w hich i t  b in d s  th ro u g h  h y d ro g e n  bond ing . For an  ex ten s iv e  com parison 
of n u c leo tid e -b in d in g  dom ains from  p ro te in s  w ith  d iv e rs e  fu n c tio n s , th e  
r e a d e r  is  d ire c te d  to  Ogawa e t al. (1987).
Exam ination of th e  a lignm ent of th e  amino ac id  seq u e n c es  of OtcZ, 
tcm la  OMT an d  HIOMT, h as  id en tified  a  "co n se n su s"  seq u en ce  w ith in  
Region B th a t  resem b les  th e  n u c leo tid e -b in d in g  " f in g e rp r in t"  an d  may 
form  a  S-A denosy lm eth ion ine (SAM )-binding domain (F ig u re  4.8). Owing 
to  th e  sp ecu la tiv e  n a tu re  of th e  UWGCG p ro g ram s availab le  fo r 
p re d ic tin g  seco n d a ry  s t r u c tu r e ,  i t  was n o t p o ssib le  to  e s ta b lis h  if th is  
"co n se n su s"  seq u en ce  form s a 13al3 domain. The p u ta tiv e  SAM -binding 
seq u en ce  co n ta in s  th r e e  in v a r ia n t g ly c in es  (G-G-X-X-G), w hich  a re  
p re s e n t  in  th e  " f in g e rp r in t"  seq u en ce  fo r NAD+-b in d in g  p ro te in s  
(W ierenga and  Hoi, 1983). The ab sen ce  of an  amino ac id , s e p a ra tin g  th e  
f i r s t  an d  second  g ly c in es  of th e  p u ta tiv e  SA M -binding domain, may 
re f le c t  th e  ab sen ce  of a  p y ro p h o sp h a te  moiety in  S -A denosylm eth ionine. 
A c o n se rv e d  a s p a r ta te  re s id u e  is located  19 re s id u e s  to w ard s  th e  
ca rb o x y l-te rm in u s  from g lycine  3 (F ig u re  4.8). In  th e  c o rre sp o n d in g  
p o sition  of th e  " f in g e rp r in t"  seq u en ce , an  acid ic  re s id u e , su ch  as 
a s p a r ta te ,  is  p ro p o sed  to  form s tro n g  h y d ro g e n  b o n d s w ith  th e  2’-  
h y d ro x y l g ro u p  of th e  a d en in e -r ib o se . I t  sh o u ld  be n o ted  th a t  th e  
a ss ig n m en t of a  SA M -binding seq u en ce  to  reg io n  B is  h ig h ly  sp ecu la tiv e , 
a s  SA M -binding dom ains rem ain to  be c h a ra c te r is e d  b y  X -ray  
c ry s ta llo g ra p h y  an d  m olecular m odelling. To d a te , th e  a n a ly s is  of amino 
acid  seq u en ce  in  reg io n  A h as no t id en tified  an y  s im ila rity  to  co n sen su s  
m otifs fo r  g ro u p s  of fu n c tio n a lly -re la te d  p ro te in s .
4.2.4 A nalysis  of th e  T ra n sc rip tio n  of otcZ
To e s ta b lish  if tra n s c r ip t io n  o rig in a ted  from  a  p ro m o ter located  
close to  th e  p re d ic ted  tra n s la tio n  in itia tio n  codon of otcZ. S I nuclease  
p ro te c tio n  an a ly s is  was u n d e r ta k e n  (F ig u re  4.10) u s in g  a  s in g le -s tra n d e d
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F ig u re  4.10. High r e s o lu t io n  S I m app ing  of t r a n s c r i p t s  w ith in  th e  Pstla- 
Smala, S in g l e - s t r a n d e d  p ro b e  (1.2X 107 C e re n k o v  cpm .pm ole-1) w as
g e n e r a te d  form mKM803 b y  ex te n s io n  from  th e  u n iv e r s a l  p r im e r  (-20) a n d  
d ig e s te d  w ith  EcoRl  (see  M ateria ls  a n d  M ethods 2.3.19). The p ro b e  
(O.lpmoles) w as h y b r id i z e d  a t  52°C w ith  ca. lOpg of to ta l  RNA from th e  
following (a) S. rimosus  M15883S, (b) S. rimosus  M4018 g row n  on
T r y p to n e  Soya B ro th  (1 6 h rs ) ,  (c) S. rimosus  M4018 p r o d u c in g  OTC (ca. 
60pgml_1) on L iqu id  Complete Medium (5 6 h rs )  (see  F ig u re  3.4) a n d  (d) S. 
rimosus  M15883 p ro d u c in g  OTC (ca. 0.7mgml-1) on T ru s o y a  Medium 1 
(4 6 h rs )  (see  F ig u re  3.6). The s e q u e n c in g  l a d d e r  w as p r o d u c e d  from  
mKM803 (see  S ec t ion  4.2.2) b y  e x te n s io n  from  th e  -40  p r im er .  The 
p o s it io n  in th e  mKM803 s e q u e n c in g  l a d d e r  t h a t  is c o in c id e n t  w ith  th e  
R N A -pro tec ted  f r a g m e n t  d e r iv e d  from  t r a n s c r i p t s  o r ig in a t in g  f a r  
u p s t r e a m  of th e  Smala s i te  is in d ic a te d  b y  pFAR. The p o s i t io n  of p ro b e  
p r o te c te d  a long  i t s  e n t i r e  l e n g th  b y  c o n ta m in a t in g  te m p la te  DNA is a lso  
in d ic a te d  (FLP).
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p ro b e  th a t  in c lu d ed  250bp of seq u en ce  from  th e  Pstla  to  th e  Smala s ite . 
The p re d ic te d  s t a r t  codon fo r otcZ  is  51bp u p s tre am  of th e  Pstla  s ite . 
The p ro b e  was g e n e ra te d  from  mKM803 tem pla te , w hich  w as u sed  
p re v io u s ly  fo r  seq u en c in g  (F ig u re  4.3), b y  ex ten sio n  from  th e  u n iv e rs a l 
p rim er (-20) an d  d ig estio n  w ith  EcoRl (M aterials an d  M ethods 2.3.18). 
N ucleotides d e riv e d  from  M13mpl8 seq u en ce  acco u n ted  fo r  32nt a t  th e  5’ 
en d  an d  14nt a t  th e  3* en d  of th e  297nt p ro b e  re sp e c tiv e ly .
The p ro b e  was h y b rid iz e d  w ith  a  se lec tio n  of RNA sam ples iso la ted  
from  S. r im osus  in  w hich th e  re la tiv e  a b u n d a n c e s  of t r a n s c r ip ts  from  
o trA p l  an d  pFAR had  b een  show n to be v e ry  d if fe re n t  (S ection  3.2.4). 
T ra n s c r ip ts  o rig in a tin g  from  o trA p l  w ere  b y  f a r  th e  m ost a b u n d a n t 
(>95%) in  to ta l RNA iso la ted  from  M4018 grow n on T ry p to n e  Soya B ro th , 
w hile t r a n s c r ip ts  from  o trA p l  an d  pFAR h ad  sim ilar a b u n d a n c e s  in  RNA 
iso la ted  from  M4018 grow n in  Liquid Complete Medium fo r 56 h rs . In  
to ta l RNA iso la ted  from  M15883 grow n on T ru so y a  Medium 1 fo r  46h rs , 
on ly  t r a n s c r ip ts  o rig in a tin g  from  pFAR could  be d e tec te d . The p ro b e  was 
a lso  h y b rid ize d  w ith  to ta l RNA iso la ted  from  S. rim o su s  M15883S, a s  a  
n eg a tiv e  con tro l.
A sing le  frag m en t was p ro te c te d  b y  t r a n s c r ip ts  in  all of th e  
above RNA sam ples (excep t th e  n eg a tiv e  co n tro l) , w hich co -m ig ra ted  
w ith  position  200 (num bering  from  th e  PstL s ite )  in  th e  seq u en c in g  
la d d e r . As mKM803 was seq u en ced  u s in g  th e  -40  p rim er, th e  ex tension  
p ro d u c ts , w hich form ed th e  seq u en c in g  la d d e r , co n ta in ed  52 n u c leo tid es  
of M13mpl8 seq u en ce  a t  th e  5’ end . T h e re fo re , th e  R N A -protected 
frag m en ts  w ere 252nt long. This le n g th  of p ro te c tio n  c o rre sp o n d s  alm ost 
exac tly  to  th a t  p re d ic te d  fo r  t r a n s c r ip ts  ex ten d in g  th ro u g h  th e  e n tire  
250bp P s t l8-S m al9 reg ion . The ab sen ce  of a  R N A -protected  frag m e n t in  
th e  M13883S sam ple in d ica ted  th a t  th e  t r a n s c r ip t ( s )  p ro v id in g  p ro te c tio n  
w ere spec ific  to  th e  o x y te tracy c lin e  c lu s te r .
In  all fo u r  sam ples, in c lu d in g  th e  co n tro l, a  frag m e n t of 297 
n u c leo tid es  was d e tec ted  th a t  co -m ig ra ted  w ith  p o sition  245 in  th e  
seq u en c in g  lad d er. This le n g th  of p ro te c tio n  c o rre sp o n d s  to  fu ll-  
le n g th  p ro b e . P ro tec tio n  of th e  p robe  o v e r i ts  e n tire  le n g th  p ro b ab ly  
re s u l ts  from contam ination  of th e  p ro b e  w ith  a  small am ount of 
com plem entary  tem plate DNA.
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4.3 Discussion
M ethylation  is  b e liev ed  to  o c cu r a t  two s te p s  in  o x y te tra cy c lin e  
b io sy n th e s is ; (i) th e  C -m ethy lation  of th e  v irg in  te tra c y c lic  n u c leu s  to  
form  6 -m e th y lp re te tra m id  and  (ii) th e  N -m ethy lation  of 4-am ino 
a n h y d ro te tra c y c lin e  (4-am ino ATC) to  form  a n h y d ro te tra c y c lin e  (ATC) 
(F ig u re  4.11) (R hodes efc a i ,  1981). The la t t e r  m ethy la tion  is  b locked  in  
th e  otcD4 m u tan t, w hich  was ab le  to  c o n v e r t  p u r if ie d  ATC, b u t  n o t 4 - 
amino ATC, to  o x y te tra c y  cline (OTC). The otcZ151 m u tan t could  
c o n v e r t 4-am ino ATC to  OTC a n d  th u s ,  could  n o t be b locked  in  N- 
m ethy la tion  (Rhodes e t  a l , 1981).
I t  is  p re d ic te d  th a t  th e  o tcZ  m u tan t would accum ulate  6 -d em eth y l 
d e r iv a tiv e s  of o x y te tracy c lin e  in te rm ed ia te s . In te re s t in g ly , p u r if ie d  6- 
d em eth y lch lo ro te tracy c lin e  (6 -dem ethyl CTC) an d  6 -d e m e th y lte tra cy c lin e  
(6 -dem ethy l TC) from  a  m u tan t of S, a u reo fa c ien s  w ere  show n to  h av e  
sim ilar lev e ls  of in  v ivo  an tim icrob ial a c tiv ity  a s  c h lo ro te tra c y c lin e  an d  
te tra c y c lin e  re sp e c tiv e ly  (McCormick e t a l,, 1957). T his s u g g e s ts  th a t  th e  
ab sen ce  of a  m ethy l g ro u p  on C-6 is  n o t su ffic ie n t, on i ts  own, to
explain  th e  a n tib io tic -n e g a tiv e  p h e n o ty p e  of th e  otcZ151 m u tan t.
However, th e  d e ta iled  chem ical an a ly s is  of m u tan ts  of S. g la u c esc en s  
b locked  in  te tracen o m y c in  C p ro d u c tio n  h as  show n th a t  m u ta tions . w hich 
block th e  ad d itio n  o r  m odification of a  p a r t ic u la r  s ide  g ro u p  can  h av e  
"knock  o n ” e ffe c ts  a t  la te r  s ta g e s  in  th e  b io sy th e s is  of th is  a n tib io tic  
(Motamedi e t al,, 1986; Yue e t aL\ 1986). For exam ple, tc m ll  m u ta n ts , 
w hich a re  th o u g h t to  be d e fic ien t in  C-3 O -m e th y ltran s fe ra se  a c tiv ity  
(Section  4.2.3.2), accum ulate  in te rm ed ia tes  an d  s h u n t  p ro d u c ts  th a t  a re  
n o t ox id ised  a t  C-2, C-4a and  C-12a, a s  well a s  n o t be ing  m eth y la ted  a t  
C-3. In  th e  a rtic le  b y  McCormick (1975), a  fu ll d e sc r ip tio n  of th e  
m u tan t of S. aureo fa c ien s  was n o t p ro v id ed . I t  is  p o ssib le  th a t  a  ra n g e  
of 6 -d em eth y l in te rm ed ia tes  w ere p ro d u ced . The C-6 m ethy l g ro u p  may 
be im p o rtan t fo r s u b s tr a te  reco g n itio n  b y  enzym es w hich a c t  la te r  in  
th e  p a th w ay  and  modify o r ad d  g ro u p s  re q u ire d  fo r an tim ic ro b ia l
a c tiv ity . I t  is a lso  p o ssib le  th a t  th e  ab se n c e  of a  6 -m ethy l g ro u p  could
a ffe c t th e  re a c tiv ity  of some of th e  la te r  s te p s  (S ta rk , p e rs . comm.). 
A nalysis of th e  ATC oxygenase from S, r im o su s  h as  re v e a le d  th a t  th e  
enzym e can n o t h y d ro x y la te  7-chloro-ATC, w hich is th e  n a tu ra l s u b s t r a te
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F ig u re  4.11. B io sy n th es is  of o x y te tra c y c lin e  (OTC). The s te p s  a t  
w h ich  v a r io u s  O T C -negative m u tan ts  a r e  b lo ck ed  a re  in d ica ted . 
From  R hodes e t a l.% 1981.
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of th e  enzym e from  S, a u reo fa c ien s  (Novotna, p e rs .  comm.). I t  is  p o ssib le  
th a t  o th e r  su b tle  d iffe ren c es  ex is t b e tw een  th e  enzym ology of 
te tra c y c lin e /c h lo ro te tra c y  c line  p ro d u c tio n  in  S. a u reo fa c ien s  an d  
o x y te tra cy c lin e  b io sy n th e s is  in  S. r im o su s . Should  th e  d is ru p tio n  of C-6 
m ethy la tion  in  S . a u reo fa c ien s  n o t h in d e r  s ig n ific a n tly  th e  flux  of 
in te rm e d ia te s  th ro u g h  s u b se q u e n t s te p s  in  CTC an d  TC b io sy n th e s is , i t  
is  p o ssib le  th a t  th e  same s itu a tio n  m ight n o t be t r u e  o f o x y te tra cy c lin e  
p ro d u c tio n  in  S. rim osus. To d a te , th e re  a re  no r e p o r ts  of m u tan ts  of S. 
rim o su s , w hich p ro d u ce  6 -dem ethyloxy te tra c y c lin e . T h e re fo re , th e  
p ro p o sa l th a t  th e  otcZ  gene  encodes a  m e th y ltra n s fe ra se , w hich  a d d s  th e  
C-6 m ethy l g ro u p  to  th e  te tra c y c lin e  n u c leu s , is  n o t in c o n s is te n t 
n e c e ssa r ily  w ith  th e  a n tib io tic -n e g a tiv e  p h e n o ty p e  of th e  otcZ151 m u tan t. 
Chemical an a ly s is  of in te rm ed ia te s  an d  s h u n t  p ro d u c ts  accum ula ted  in  
a n tib io tic -n e g a tiv e  m u tan ts  of S. r im o su s  w ould com plem ent th e  d e ta iled  
g en e tic  a n a ly s is  of th e  o x y te tracy c lin e  c lu s te r .
In  th e  p re v io u s  c h a p te r , tra n s c r ip t io n a l  an a ly s is  in d ic a ted  th a t  a  
p ro m o ter beyond  th e  PstLa s ite  w as re sp o n s ib le  fo r  th e  tr a n s c r ip t io n  of 
th e  otrA  re s is ta n c e  gene d u rin g  th e  p ro d u c tio n  of o x y te tracy c lin e . The 
lim ited tra n s c r ip tio n a l an a ly s is  d e sc rib e d  in  th is  c h a p te r  s u g g e s ts  th a t  
th e re  is  no p rom oter w ith in  th e  PstLs-SmaLa re g io n , be tw een  th e  en d  of 
otcC  an d  th e  s t a r t  of otcZ. I t  would a p p e a r , th e re fo re , th a t  o trA , o tcZ  
an d  p o ss ib ly  otcC  a re  t ra n s c r ib e d  as  p a r t  of a  p o ly c is tro n ic  m essage 
d u r in g  an tib io tic  p ro d u c tio n . The c o tra n sc r ip tio n  of otrA  w ith  
b io sy n th e tic  g en es  p ro b ab ly  e n su re s  th a t  re s is ta n c e  to  o x y te tra cy c lin e  
in c re a se s  in  p a ra lle l w ith  an tib io tic  b io sy n th e s is . F u rth e rm o re , th e se  
r e s u l ts  s u g g e s t  th a t  th e  delayed  o n se t o f o x y te tracy c lin e  p ro d u c tio n  can  
be  a t t r ib u te d ,  a t  le a s t in  p a r t ,  to  th e  c o n tro l of gene e x p re ss io n  a t  
th e  level of tra n c r ip tio n . I t  rem ains a  form al p o ss ib ility , how ever, th a t  
th e  ca ta ly ic  a c tiv ity  of some of th e  enzym es in vo lved  in  th e  p ro d u c tio n  
of OTC may also be re g u la te d . If  th e  p ro d u c tio n  of a n tib io tic  is  n o t 
sy n c h ro n ise d , induc ib le  re s is ta n c e  (d isc u sse d  in  Section 3.3) cou ld  be a  
m eans of p ro te c tin g  v e g e ta tiv e  mycelium n o t dev o ted  to  an tib io tic  
p ro d u c tio n  from exogenous te tra c y c lin e  p ro d u c e d  by  mycelium in  o th e r  
re g io n s  of th e  same colony o r o th e r  colonies. The t r a n s c r ip t io n  of th e  
" le f t” en d  of th e  o x y te tracy c lin e  c lu s te r  is c o n s id e r f u r th e r  in  th e  
following c h a p te r .
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5.1 In tro d u c tio n
The s tu d y  of e n d o sp o re  form ation  in  B. s u b tilis  in  re s p o n se  to  
n u tr ie n t  d ep riv a tio n  h as  b een  a  p a rad igm  of developm ental re g u la tio n  in  
b a c te ria . A lte rn a tiv e  sigm a (a) fa c to rs  a n d  th u s , a lte rn a tiv e  fo rm s of RNA 
po lym erase  holoenzym es, w hich  re c o g n ise  d if fe re n t c la ss  o f p ro m o te rs , 
have  an  in te g ra l  ro le  in  " re -p ro g ra m m in g 1' t ra n s c r ip t io n  d u r in g  
m orphological developm ent in  th is  p ro k a ry o te . I t  h as  b een  im plied o fte n  
th a t  a lte rn a tiv e  a fa c to rs  may have  a  sim ilar ro le  in  th e  m orphological 
a n d  physio log ica l developm ent of S trep to m y c es . R ecen tly , th is  h y p o th e s is  
g a ined  c red en ce  w ith  th e  f in d in g  th a t  th e  sw itch  from th e  ex ten s io n  of 
th e  a e r ia l h y p h ae  to  th e  developm ent of ch a in s  of sp o re s  is  c o n tro lled  
b y  a  sigm a fa c to r (<jwhifi) (C h a ter e t  al., 1989).
The ex p ress io n  of s e v e ra l an tib io tic  p a th w ay s  would a p p e a r  to  be  
re g u la te d  by  th e  co n tro lled  ex p re ss io n  of a n c illa ry  fa c to rs , w hich  e i th e r  
a c t  a long  w ith th e  RNA polym erase  to  fa c ilita te  t r a n s c r ip t io n  a t  th e  
en d  of th e  g row th  p h a se  o r  an tag o n ise  RNA p o ly m era se -p ro m o te r 
in te ra c tio n s  d u rin g  p rim ary  m etabolism . P a th w ay -sp ec ific  re g u la to ry  
g en es  h ave  been  id e n tif ie d  w ith in  th e  c lu s te r s  of g en es  fo r  th e  
b io sy n th e s is  of a c tin o rh o d in  (R udd an d  Hopwood, 1979), m ethylenom ycin  
(C hater an d  B ru ton , c ited  in  Hopwood e t  al., 1986), b ia lqphos (Anzai e t  
al., 1987), s trep to m y c in  (D istler e t  al., 1988), m ilbem ycin (M alpartida  e t  
al., 1987) and  ty lo s in  (H e rsh b e rg e r , 1989). T hese spec ific  exam ples a re  
d isc u sse d  in  more d e ta il w ith in  th e  G eneral In tro d u c tio n , S ection  1.6. At 
p re s e n t ,  i t  is  open  to  d eb a te  w h e th e r th e  "h o u sek eep in g "  RNA 
polym erase  o r a n o th e r  form , a sso c ia ted  w ith  a  m inor a  fa c to r , 
re c o g n ise s  th e  p ro m o ters  of g en es  in vo lved  in  an tib io tic  p ro d u c tio n .
I t  h as been  e s ta b lish e d  fo r  some tim e th a t  th e  ra tio  of r e g u la to ry  
p ro te in s  to  th e ir  co g n ate  b in d in g  s ite s  on DNA is of k ey  im p o rtan ce  in  
re g u la tin g  gene ex p re ss io n  (P tash n e , 1986). The m olecular a n a ly s is  of 
physio log ical and  m orphological d iffe ren tia tio n  in  S. coelicolor  A3(2) h a s  
p ro v id e d  sev e ra l exam ples w hich i l lu s tra te  th is  po in t. The in tro d u c tio n  
of e x tra  copies of th e  a c t l l  reg io n , w hich co n ta in s  a  gene  en co d in g  an  
a c tiv a to r  of tra n s c r ip tio n , lead  to  th e  s ig n ific a n t o v e r-p ro d u c tio n  of 
ac tin o rh o d in  (Hopwood e t al., 1986). A frag m en t of DNA from  B. s u b ti l is
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c a r ry in g  a  p ro m o ter re c o g n ise d  b y  owhifl c au se d  re d u c e d  sp o ru la tio n  
w hen in tro d u c e d  in to  S. coelicolor  A3(2) on a  h ig h -c o p y -n u m b e r plasm id 
(C hater e t  a l ,  1989). The la t te r  example is  re m in isc en t of th e  re d u c tio n  
in  an tib io tic  p ro d u c tio n , th e  "sw itch -o ff"  p h en o m en o n  w hich  w as 
o b se rv e d  w hen c e r ta in  re g io n s  of th e  o x y te tra cy c lin e  c lu s te r  w ere  
in tro d u c e d  in to  S. r im o su s  M15883 on h ig h -c o p y -n u m b e r v e c to rs  
(B u tler e t al., 1989). The same re g io n s  d id  n o t " sw itch -o ff"
o x y te tracy c lin e  p ro d u c tio n  w hen th e y  w ere  in tro d u c e d  in to  th e  same 
p ro d u c tio n  s tra in  on  a  lo w -co p y -n u m b er v e c to r . From th e s e  r e s u l ts ,  i t  
could  be in te rp re te d  th a t  th e  reg io n s  w hich cau se  an tib io tic  p ro d u c tio n  
to  be "sw itched  off" co n ta in  a  reco g n itio n  s ite  fo r  a  p o s itiv e  a c tiv a to r  
th a t  is  e sse n tia l fo r  tra n s c r ip t io n  of th e  o tc  g en es . The p o s itiv e  
a c tiv a to r  would be t i t r a te d  o u t by  th e  in tro d u c tio n  of th e  co g n a te  
re g u la to ry  seq u en ce  on  h ig h -c o p y -n u m b e r v e c to rs . To d a te , how ever, 
th e re  is  no gen etic  ev id en ce  to  s u p p o r t  th is  p ro p o sa l.
This c h a p te r  d e sc r ib e s  th e  iso la tion  an d  c h a ra c te r is a tio n  of a  
p rom oter reg io n  w hich d ire c ts  tra n s c r ip t io n  of a  p u ta tiv e  o tcC -o tcZ -  
otrA  p o ly c is tro n ic  m essage th a t  ex ten d s  " le ftw ard s"  (as th e  c lu s te r  is  
d raw n) to  th e  te rm in a to r  a t  th e  3’-e n d  of otrA  d u rin g  o x y te tra cy c lin e  
p ro d u c tio n .
A p rom oter can  be de fin ed  as  th e  re g io n  of DNA in v o lv ed  d ire c tly  
in  th e  b in d in g  of RNA po lym erase to  in itia te  t ra n s c r ip tio n . A lthough  
RNA polym erase in te ra c ts  w ith  DNA from app rox im ate ly  50bp u p s tre am  (-  
50) to  ab o u t 20bp dow nstream  (+20) of th e  tr a n s c r ip t io n  s t a r t  p o in t, 
seq u en ce -sp ec if ic  c o n ta c ts  a re  no t fo und  o rd in a r ily  dow nstream  of th e  
tra n s c r ip tio n  s t a r t  s ite  (Sim pson, 1982). In  g e n e ra l, th e  p ro m o te rs  
re co g n ised  by d if fe re n t form s of RNA polym erase  holoenzym e (Ea) h av e  
c h a ra c te r is t ic  c o n se n su s  seq u en ces  (G rossm an an d  Losick, 1986). 
A lthough th e  co n se rv e d  seq u en ces  fo r each  p ro m o ter c la ss  d if fe r  from  
each  o th e r , two hexam eric reg io n s  of n u c leo tid e  c o n se rv a tio n , w hich  
p reced e  th e  tra n s c r ip t io n  s t a r t  s ite , a re  fo u n d  ty p ic a lly  in  each  
p rom oter c lass. The co n se rv e d  hexam eric re g io n s  of th e  c o n se n su s  
seq u en ce  fo r  th e  m ajor c lass  of eubaC teria l p ro m o te rs , w hich a re  
re co g n ised  by  Ea70 in  E. coli and  Ea43 in  B. s u b tilis ,  a re  c e n tr e d  
approx im ately  35bp an d  10bp p reced in g  th e  tra n s c r ip t io n  s t a r t  s ite  a n d
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a re  s e p a ra te d  from  each  o th e r  b y  16-18bp (Hawley an d  McC lure, 1983; 
M oran e t  al., 1982). T hese  hexam ers a re  r e f e r r e d  to  a s  th e  ”-35" 
(TTGACA) an d  ”-10" (TATAAT) re g io n s  re sp e c tiv e ly . M utational an a ly s is  
an d  ch em ica l-p ro tec tio n  ex p erim en ts  h av e  e s ta b lish e d  th a t  p rom oter 
reco g n itio n  is la rg e ly  (a lth o u g h  n o t exclu sive) d e te rm in ed  b y  b a se -  
spec ific  c o n tac ts  w ith in  th e se  tw o c o n se rv e d  hexam eric re g io n s  of th e  
p rom oter seq u en ce  (S im pson e t al., 1982; G rossm an a n d  Losick, 1986).
A c o n se n su s  seq u en ce  h as  b een  d e riv e d  fo r  te n  p ro m o te rs  from  
S trep to m yces , w hich resem ble  th e  m ajor c lass  of e u b a c te r ia l p ro m o ters  
(Hopwood e t  ah, 1986). In  th e  S tre p to m y c e s  c o n se n su s , th e  seq u en ce  of 
th e  -35 reg io n  an d  th e  sp ac in g  of th e  c o n se rv e d  hexam eric re g io n s  a re  
id en tica l to  th e  c o n se n su s  fo r  th e  m ajor c lass  of e u b a c te r ia l p ro m o ters . 
However, th e  -10  re g io n  o f th e  S trep to m y c es  c o n se n su s  (TAGGAT) d iffe rs  
s lig h tly  from  th a t  of E. coli an d  B. su b tilis . T his d is p a r i ty  could  be a  
co n seq u en ce  of one o r  m ore of th e  following.
(i) In  E. coli a n d  B. s u b tilis  a  s in g le  a b u n d a n t a  sp ec ie s  d ire c ts  
tra n s c r ip t io n  of th e  g e n e ra l "h o u sek eep in g "  enzym es. In  c o n tra s t ,  S. 
coelicolor  co n ta in s  a  fam ily of fo u r  d is tin c t, b u t  c lose ly  re la te d , a  
p o ly p ep tid e s  th a t  h ave  h ig h  amino acid  seq u en ce  id e n ti ty  to  th e  m ajor a 
sp ec ies  fo u n d  in  E. coli (a70) an d  B. su b til is  (a43) in  th e  re g io n s  w hich 
a re  th o u g h t to  make sp ec ific  c o n tac ts  w ith  p ro m o te rs  (T ak ah ash i e t al., 
1988; B u ttn e r  e t al., 1990). I t  h as been  p ro p o se d  th a t  th e se  or fa c to rs  
reco g n ise  d if fe re n t c la s se s  of p ro m o ters  w ith  s l ig h t d iffe re n c e s  in  th e  
seq u en ce  o r sp ac in g  of th e  -35 an d  -10  re c o g n itio n  s ite s  (W estpheling 
an d  B raw ner, 1989). I t  is  possib le , th e re fo re , th a t  th e  S tre p to m y c e s  
co n se n su s  (Hopwood e t  al., 1986) was d e riv e d  from  fo u r  c la sse s  of 
p rom oters . Only one of th e se  c lasses  may be re c o g n ise d  b y  a  a  fa c to r  
th a t  is th e  eq u iv a len t of th e  m ajor sigm a fa c to r  fo u n d  in  E. coli o r  B. 
su b tilis .
(ii) The a c tu a l co n se n su s  seq u en ce  of p ro m o te rs  w hich  d ire c t  th e  
tra n s c r ip t io n  of g e n e ra l "h o u sek eep in g "  g en es  in  S tre p to m y c e s  may be 
s lig h tly  d if fe re n t due  to  th e  s ig n ific an t d iv e rs io n  in  th e  G+C com position 
of S trep to m y c es  com pared  w ith  E. coli o r  B. su b tilis .
(iii) The sam ple of p rom oters  u sed  to  c o n s tr u c t  th e  S tre p to m y c e s  
c o n se n su s  may n o t have  been  re p re se n ta tiv e .
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5.1.1 O verall S tr a te g y
The re s u l ts  p re s e n te d  in  C h a p te rs  3 an d  4 s u g g e s te d  th a t  o trA f 
otcZ  an d  p o ss ib ly  otcC  w ere  t r a n s c r ib e d  a s  p a r t  of a  p o ly c is tro n ic  
m essage d u r in g  a n tib io tic  p ro d u c tio n . T ra n sc rip tio n a l an d  fu n c tio n a l 
an a ly s is  of th e  gene  c lu s te r s  fo r  a c tin o rh o d in  (M alpartida  an d  Hopwood, 
1986), m ethylenom ycin (C h a ter an d  B ru to n , 1985) an d  ty lo s in  
(H e rsh b e rg e r , 1989) h as  in d ic a ted  th a t  m any of th e  g en es  w ith in  th e s e  
re sp e c tiv e  c lu s te r  a re  o rg a n ise d  in  la rg e  tra n s c r ip t io n  u n its  e x ten d in g  
u p  to  9 .5kb (fo r f u r th e r  d iscu ss io n , see  S ection  1.5). The otcC, o tcZ  
an d  otrA  g en es  a re  co n ta in ed  w ith in  a  re la tiv e ly  s h o r t  re g io n  of DNA of 
approx im ate ly  5.5kb. As th e  tra n s c r ip t io n  a n d  g en e tic  o rg a n isa tio n  of th e  
o tc  c lu s te r  u p s tre am  of otcC  h a s  n o t b een  s tu d ie d  in te n s iv e ly , i t  w as 
c o n s id e re d  p o ssib le  th a t  o th e r  g en es  cou ld  be c o - tra n s c r ib e d  w ith  otcC, 
otcZ  an d  otrA  d u rin g  an tib io tic  p ro d u c tio n . I t  w as ca lcu la ted , how ever, 
th a t  th e r e  w as a  rea so n ab le  p ro b a b ility  th a t  th e  p ro m o te r(s) , w hich  
d ire c te d  tra n s c r ip t io n  of o trA f o tcZ  an d  p o ss ib ly  otcC  would be  lo ca ted  
w ith in  th e  5.5 kb re g io n  th a t  e x ten d s  from  th e  PsfLs s ite , w hich  
is in te rn a l to  otcC, to  th e  P stIis s ite  th a t  is lo cated  approx im ate ly  4.5 kb  
u p s tream  of th e  5’-e n d  of otcC.
As t r a n s c r ip ts  had l been  show n to  te rm in a te  a t  th e  3’ en d  of o trA  
(Doyle, 1987), p e rh a p s  a  s tra ig h tfo rw a rd  a p p ro a ch  to  d e lin ea te  th e  
location  of th e  p ro m o ter(s) d ire c tin g  t r a n s c r ip t io n  of otrA  d u r in g  
an tib io tic  p ro d u c tio n  w ould h ave  b een  to  b lo t to ta l c e llu la r RNA to  
n itro ce llu lo se  (Alwine e t  al,, 1977; F o u rn ey  e t  al,f 1988) an d  h y b r id iz e  
w ith  rad io -lab e lled  p ro b e  d e riv e d  from  o trA . However, N o rth e rn  a n a ly s is  
has n e v e r  been  u sed  su cc e ss fu lly  w ith in  th e  la b o ra to ry  a t  Glasgow 
(Alves, 1989; Doyle, p e rs . comm.). T his s t r a te g y  was n o t u se d , 
th e re fo re , to  locate th e  5’-e n d  of th e  p o ly c is tro n ic  m essage. The 
o v e ra ll ap p ro a ch  th a t  w as ta k en  d u rin g  th is  w ork , was to  s c re e n  fo r  
p ro m o ter a c tiv ity  in a  l ib r a ry  of Sau3Al f rag m e n ts  from th e  5.5kb P s il8- 
18 re g io n , w hich had  b een  c o n s tru c te d  in  th e  p ro rao te r-p ro b e  v e c to r  
pIJ2843 (C layton an d  Bibb, 1990), an d  th e n  to  locate  th e  p ro m o te rs  in  
th e  otc  c lu s te r  by  S o u th e rn  an a ly s is  (see sec tio n  2.3.15).
Chapter 5 The o tcC /o tcX  Prom oter Region  146
The pIJ2843 v e c to r  sy stem  can  be u se d  to  m easu re  in  v iv o  
p ro m o ter a c tiv ity  in  S tre p to m y c e s  sp p , in c lu d in g  th e  S. r im o su s  
p ro d u c tio n  s tra in s . N e ith er th e  p IJ486 /7  n o r th e  pARCl sy stem s , w hich  
w ere d e sc r ib e d  p re v io u s ly , can  be u se d  in  S, r im osus  fo r  th e  re a so n s  
d isc u sse d  in  Section  3.1.2. The pIJ2843 v e c to r  is  b a se d  on th e  low - 
co p y -n u m b er SCP2* rep lico n  an d  u tilis e s  th e  x y lE  g en e  from  
P seudom onas p u tid a  a s  th e  r e p o r te r  of t r a n s c r ip t io n  (C layton a n d  Bibb, 
1990). The p ro d u c t of th e  x y lE  g ene  is  a  ca techo l d io x y g en ase , w hich  
c o n v e r ts  th e  co lo u rle ss  s u b s t r a te  ca tech o l to  an  in te n s e ly  yellow 
hydrom ucon ic  sem i-a ld eh y d e  (Zukow ski e t  al., 1983). C atechol d io x y g en ase  
a c tiv ity  can  be m easu red  u s in g  a  sim ple co lourim etric  a ssa y . U sing  a  
sim ilar v e c to r , th e  a c tiv ity  of g a lp l- x y lE  fu s io n s  in  c ru d e  e x tra c ts  of S . 
coelicolor  A3(2) w as show n to  re f le c t  fa ith fu lly  th e  in tra c e l lu la r  lev e ls  
of RNA, a s  d e term ined  b y  q u a n tita tiv e  d o t b lo ts  (Ingram  e t  al., 1989). 
S ev e ra l u se fu l fe a tu re s  have  b een  in c o rp o ra te d  in to  th e  pIJ2843 v e c to r . 
A m ultip le cloning  s ite  (MCS) u p s tre am  of th e  p ro m o te rless  x y lE  g ene  
a s s is ts  th e  in se r tio n  an d  excision  of frag m e n ts  of DNA to  be te s te d . The 
in c o rp o ra tio n  of a  te rm in a to r from  th e  co liophage fd  u p s tre a m  of th e  
MCS p re v e n ts  t r a n s c r ip ts  from  v e c to r  p ro m o te rs  ex ten d in g  to  th e  
r e p o r te r  gene. T ran s la tio n a l s to p  codons have  b een  c re a te d  b e tw een  th e  
MCS an d  th e  x y lE  r e p o r te r  gene in  all th r e e  fo rw ard  fram es to  p re v e n t  
tra n s la t io n a l fu s io n s  w hich could a ffe c t e i th e r  th e  ex p ress io n  of th e  x y lE  
gene  o r  th e  s ta b ility  a n d /o r  sp ec ific  a c tiv ity  of th e  x y lE  g ene  p ro d u c t. 
The te rm in a to r to from  th e  coli p h ag e  lam bda h as  a lso  b een  in s e r te d  
dow nstream  of th e  r e p o r te r  g ene  to  p re v e n t ' t r a n s c r ip t io n a l  r e a d -  
th ro u g h  from  th e  " te s t” p ro m o ter a ffe c tin g  th e  ex p re ss io n  of g en es  in  
v e c to r  seq u e n c es  an d  th u s , p o ss ib ly  v e c to r  s tab ility .
5.2 R esu lts  an d  D iscussion
5.2.1 C o n stru c tio n  of a  P rom oter L ib ra ry  In  pIJ2843
The pIJ2843 v e c to r  was d ig e s ted  w ith  BauMl an d  t r e a te d  w ith  
CIAP to  rem ove th e  5’-p h o s p h a te  from  th e  co h esiv e  e n d s  g e n e ra te d  b y  
lin e a risa tio n  of th e  plasm id (Section 2.3.7). To v e r ify  th e  e ffic ien cy  of 
d e p h o sp h o ry la tio n  and  to  e n su re  th a t  th e  v e c to r  had  re ta in e d  i t s  a b ility  
to  lig a te  w ith  " in se r t"  DNA, th e  following liga tion  re a c tio n s  w ere s e t  up;
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(i) pIJ2843 (lOOng) t r e a te d  w ith  BamHI a n d  CIAP p lu s  th e  221bp BcRs- 
BamKlG f rag m e n t (3.5ng) co n ta in in g  otrA p i ,  (ii) pIJ2843 (lOOng) t r e a te d  
w ith  BamHI an d  CIAP a n d  (iii) a s  (ii) b u t  n o t in c u b a te d  w ith  T4 ligase . 
The m olar ra tio  of in s e r t  to  v e c to r  in  th e  t e s t  lig a tio n  (pIJ2843 p lu s  
" in s e r t"  DNA) w as approx im ate ly  2:1.
Sam ples (V ioth) o f th e  above lig a tio n  m ix tu res  w ere  in tro d u c e d  to  
S. liv id a n s  TK24 b y  g en e tic  tran sfo rm a tio n . S eria l d ilu tio n s  of th e  
tra n s fo rm e d  p ro to p la s ts  w ere  th e n  in c u b a te d  on re g e n e ra tio n  p la te s  to  
de term in e  th e  e ffic ien c ie s  of tra n s fo rm a tio n  (Table 5.1).
Table 5.1 A ssay of th e  E ffic iency  of P h o sp h a ta se  T rea tm en t.
S e l f - l i g a t e d  d e p h o s p h o r y l a t e d  v e c t o r  1 .2 3 X  104
D e p h o s p h o r y l a t e d  v e c t o r  l i g a t e d  t o  t e s t  3 .1 7 X  1 0 5
" i n s e r t "  (2 2 1 b p  B c lI-B a ir iR I  f r a g m e n t )
The low num ber of tra n s fo rm a n ts  re c o v e re d  a f te r  se lf- lig a tio n  of 
th e  lin e a rised  v e c to r , w hich  had  b een  t r e a te d  w ith  CIAP, s u g g e s te d  th a t  
th e  5’-p h o sp h a te  g ro u p s  had  b een  rem oved w ith  re a so n a b le  e ffic ien cy . 
As th e  tra n sfo rm a tio n  e ffic ien cy  of th e  d ep h o sp h o ry la te d  v e c to r , w hich 
had  b een  lig a ted  w ith  th e  t e s t  " in s e r t" ,  was a t  le a s t  an  o rd e r  of 
m agn itude  g re a te r  th a n  th e  co n tro l lig a tio n s , th e  lin e a r is e d  v e c to r  
a p p e a re d  to  be ab le  to  lig a te  w ith  " in s e r t"  DNA. The sim ilar 
tra n s fo rm a tio n  e ffic ien c ies  of 5 * -d ep h o sp h o ry la ted  v e c to r , w hich  h ad  
b een  in c u b a ted  w ith  an d  w ith o u t ligase , in d ic a ted  th a t  th e  b a c k g ro u n d  
tra n s fo rm a n ts  w ere due p rim arily  to  incom plete d ig e stio n  of th e  v e c to r  
w ith  BamHl (only 0.5ng of u n d ig e s te d  plasm id would h av e  been  re q u ire d  
to  p ro d u ce  104 tra n s fo rm a n ts ) . C om parison of th e  tra n s fo rm a tio n  
e ffic ien c ies  su g g e s te d  th a t  g re a te r  th a n  95% of th e  tra n s fo rm a n ts  from  
th e  t e s t  liga tion  shou ld  co n ta in  recom binan t m olecules.
S u p e r c o i l e d  p I J 2 8 4 3  
D e p h o s p h o r y l a t e d  v e c t o r
T r a n s f o r m a t i o n  e f f i c i e n c y  
( t r a n s f o r m a n t s . ug~ 1 v e c t o r )  
2 .5 2 X  10?
1 .8 3 X  104
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U sing  seq u en ce  d a ta  fo r  o v e r  8kb of th e  o x y te tra cy c lin e  c lu s te r , 
i t  was de te rm in ed  th a t  SauZAl c leav es  s trep to m y ce te  DNA on av e rag e  
e v e ry  160bp. As re s tr ic t io n  s ite s  fo r  Sau3Al o c cu r f re q u e n tly , i t  was 
p o ssib le  th a t  th e se  s ite s  m igh t o c cu r in  seq u e n c es  re q u ire d  fo r  
t ra n s c r ip tio n . To in c re a se  th e  p ro b a b ility  of iso la tin g  p ro m o te rs  an d  
an y  co g n a te  re g u la to ry  se q u e n c e s  on th e  same frag m en t, th e  5.5kb P stI 
frag m e n t from  pPFZ105 (a P fize r  c o n s tru c t)  w as on ly  d ig e s te d  p a r tia lly  
w ith  Sau3AI.
C onditions w ere e s ta b lish e d  fo r th e  p a r tia l  c leavage  of th e  5.5kb 
P stI f rag m e n t w ith  Sau3AI b y  ad d in g  a  fixed am ount of enzym e an d  
m onito ring  th e  p ro g re s s  of th e  reac tio n . In  a  p ilo t experim en t, 500ng of 
th e  5.5kb P stl frag m en t w as re s u sp e n d e d  in  29pl of IX Sau3Al 
r e s tr ic t io n  b u ffe r  (as su p p lied  b y  BRL) an d  e q u ilib r ia te d  to  37°C fo r  3 - 
5min, b e fo re  th e  ad d itio n  of 0.5 u n its  of Sau3Al, A fte r in c u b a tio n  fo r 5, 
15, 30, 45 an d  60mins, 6pl a liq u o ts  w ere rem oved, ad d ed  im m ediately to  
4pl of 5X AGL b u ffe r , in c u b a te d  a t  70°C fo r  15min to  h e a t in a c tiv a te  th e  
r e s tr ic t io n  en d o nuclease  a n d  p laced  on ice u n til  a ll th e  sam ples had  
b een  p ro c e ssed . The re a c tio n  p ro d u c ts  w ere  th e n  s e p a ra te d  b y  
e le c tro p h o re s is  on a  6% (w /v) po lyacry lam ide  gel and  com pared  w ith  
lOOng of th e  P s tl  frag m en t w hich had  been  d ig e s te d  com pletely  w ith  
Sau3AI. U sing th is  system , p ro d u c ts  th a t  w ere d ig e s ted  com pletely  
(15-800bp) w ere re so lv ed  easily  ( r e s u lts  n o t show n).
D igestion of th e  5.5kb P s tl  f rag m e n t was alm ost com plete a f te r  
in cu b a tio n  fo r 60min. A fte r in cu b a tio n  fo r  45min, th e  flu o re sc en c e  (as a  
r e s u l t  of eth id ium  brom ide s ta in in g ) of b a n d s  c o rre sp o n d in g  to  
p ro d u c ts  w hich w ere  com pletely d ig e s ted  w as approx im ate ly  h a lf th a t  of 
th e  co rre sp o n d in g  frag m en ts  in  th e  sam ple w hich had  b een  d ig e s te d  
w ith  a n  excess of Sau3AI, A lthough p ro d u c ts  w hich w ere  com pletely  
d ig e s ted  could be seen  in  th e  sam ple d ig e s te d  fo r  30min, th e  m ajo rity  of 
th e  flu o rescen ce  came from  frag m en ts  g re a te r  th a n  900bp ( r e s u l t  n o t 
show n). As th e  re g u la tio n  of p ro k a ry o tic  gene ex p re ss io n  in v o lv es  
ty p ic a lly  th e  b in d in g  of a n c illa ry  p ro te in s  to  re g u la to ry  s ite s  close to  
th e  p rom oter (u sua lly  le s s  th a n  150bp from  th e  t ra n s c r ip t io n  s t a r t  s ite ), 
i t  was an tic ip a te d  th a t  p ro m o ters  an d  co g n ate  re g u la to ry  seq u e n c es
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could  be iso la ted  to g e th e r  on frag m e n ts  sm aller th a n  900bp. The 5.5kb 
P s tl  frag m en t w as e v e n tu a lly  d ig e s te d  fo r  37min. All th e  p ro d u c ts  of 
com plete d ig estio n  w ere  r e p re s e n te d  an d  th e  m a jo rity  o f th e  d ig e stio n  
p ro d u c ts  w ere le ss  th a n  900bp ( r e s u lt  n o t show n).
F or sh o tg u n  c lon ing , th e  recom m ended c o n c e n tra tio n  of v e c to r  in  
th e  lig a tio n  re a c tio n s  is  0.4-0.8 fmoles.pl"1 ("M13 C loning/D ideoxy 
S eq u en cin g "  p u b lish e d  b y  BRL). C o rre sp o n d in g ly , th e  c o n c e n tra tio n  of 
pIJ2843 u sed  in  th e  lig a tio n  re a c tio n s  was 6ng.pl"1 (0.8 f  mole s. pi"1). 
A ssum ing th a t  p a r tia l  d ig e s tio n  p ro d u c e d  frag m e n ts  w ith  a n  a v e ra g e  
le n g th  g re a te r  th a n  320bp, few er th a n  16 Sau3Al f rag m e n ts  sho u ld  
h av e  b een  p ro d u c e d , on  a v e ra g e , from  a  s in g le  P s tl  frag m en t. To 
s u p p re s s  th e  fo rm ation  of conca tem ers, w hich would s u b s e q u e n tly  
h in d e r  th e  p o sitio n in g  of p ro m o ters  u s in g  S o u th e rn  a n a ly s is , th e  m olar 
ra tio  of in s e r t - to -v e c to r  in  th e  lig a tio n s  was <1:1. I t  w as ca lcu la ted  
th a t  3ng.pl"1 of th e  p ro d u c ts  from  th e  p a r tia lly  d ig e stio n  of th e  5.5kb 
P s tl  frag m en t would c o rre sp o n d e d  to  a  c o n ce n tra tio n  of no g re a te r  
th a n  0.8 fmoles.pl"1. The lig a tio n  re a c tio n  was s e t  u p , th e re fo re , u s in g  
120ng of pIJ2843 ( tr e a te d  w ith  BanMl an d  CIAP) an d  3ng of Sau3Al 
f rag m e n ts . As a  co n tro l, 120ng of d e p h o sp h o ry la te d  pIJ2843 w as lig a te d  
to  itse lf.
A liquots (V ioth) o f th e  liga tion  re a c tio n s  w ere  in tro d u c e d  to  S. 
liv id a n s  TK54 p ro to p la s ts , w hich could be tra n s fo rm e d  b y  su p e rco ile d  
pIJ2843 w ith  an  e ffic ien cy  of 3.97X 107 tra n s fo rm a n ts .p g "1 of pIJ2843. 
From th e  te s t  liga tion  (pIJ2843 an d  th e  221bp BcR-Bam Rl f rag m e n t) , i t  
w as p re d ic te d  th a t  12ng of d e p h o sp h o ry la te d  v e c to r  lig a te d  to  th e
p a r tia lly  d ig e s ted  Sau3Al f rag m e n ts  would p ro d u c e  ap p rox im ate ly  4X 
103 tra n s fo rm a n ts . A liquots (10X) co n ta in in g  V 120 d ilu tio n s  of th e
tra n s fo rm e d  p ro to p la s ts  w ere  in c u b a ted  on re g e n e ra tio n  p la te s . As 
ex p ec ted , approx im ately  50 tra n s fo rm a n ts  grew  on each  p la te  (5X 105
tran sfo rm an ts .p g "1 DNA). The tran sfo rm a tio n  e ffic ien cy  fo r  s e lf - l ig a te d  
d e p h o sp h o ry la te d  v e c to r  was 1.56X 104.pg"1. C o n sid era tio n  of th e s e
tra n sfo rm a tio n  e ffic iencies  s u g g e s te d  th a t  g r e a te r  th a n  95% of th e
tra n s fo rm a n ts  would co n ta in  recom binan t v e c to r  m olecules.
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5.2.2 A ssay  F o r in  Vivo  P rom oter A c tiv ity
The p ro m o ter re sp o n s ib le  fo r  th e  t r a n s c r ip t io n  of otrA , o tcZ  an d  
p o ssib ly  otcC  h a s  a  d is t in c t  tem poral a c tiv ity  a sso c ia te d  w ith  th e  slow ing 
of g ro w th  r a te  an d  th e  o n se t of o x y te tra cy c lin e  (OTC) p ro d u c tio n  (see 
S ection  3.2.4). On solid  media (R eg en era tio n  a g a r  a n d  Soya M annitol 
a g a r) , th e  p ro d u c tio n  of OTC b y  S . r im o su s  is  co in c id en t w ith  
m orphological d iffe re n tia tio n . The d em o n stra tio n  th a t  OTC can  be 
p ro d u ced  b y  S. l iv id a n s  w hen th e  e n tire  c lu s te r  is c loned  on  a  low - 
c o p y -n u m b er p lasm id  s u g g e s ts  th a t  th is  h e te ro lo g o u s  h o s t re c o g n ise s  
th e  p ro m o te rs  re sp o n s ib le  fo r th e  tra n s c r ip t io n  of th e  OTC c lu s te r  
(Binnie e t  al., 1989). I t  is  n o t know n, how ever, if  th e  p ro d u c tio n  of OTC 
b y  S. l iv id a n s  follows th e  same tem pora l p a t te r n  e s ta b lish e d  fo r  S. 
rim osus. A ssays fo r  in  v ivo  p ro m o ter a c tiv ity  w ere  c a r r ie d  o u t, 
th e re fo re , a f te r  in cu b a tio n  of th e  tra n s fo rm a n ts  on re g e n e ra tio n  p la te s  
(R2 medium) fo r  3, 4 a n d  5 days a t  30°C. The re g e n e ra tio n  p la te s  w ere 
s p ra y e d  w ith  an  ae ro so l of 0.5M p y ro c a tec h o l (su p p lied  in  c ry s ta ll in e  
form  by  Sigma) an d  in c u b a te d  a t  room te m p e ra tu re  fo r  30min. F or each  
time p o in t, six w ell-iso la ted  xylE+ tra n s fo rm a n ts  w ith  a  ra n g e  of 
p igm en ta tion  w ere  se le c ted  fo r f u r th e r  an a ly s is . A pproxim ately  10% of 
th e  tra n s fo rm a n ts  w ere xylE+.
S eco n d ary  sc re e n in g  of th e  18 iso la te s  fo r  ca tech o l d ioxygenase  
a c tiv ity  a f te r  g ro w th  on R egenera tion  a g a r  an d  Hopwood’s Minimum a g a r  
(b o th  co n ta in in g  th io s tre p to n , 25iig.ml_1) fo r  3, 4 an d  5 d ay s  fa iled  to  
d e te c t a n y  ca tech o l d ioxygenase a c tiv ity  in  iso la te  5. All th e  o th e r  
iso la tes  w ere  h ig h ly  p igm en ted  a t  each  of th e  time p o in ts . S. liv id a n s  
TK54 tra n s fo rm e d  w ith  pIJ2843 d id  n o t ex h ib it a n y  ca tech o l d ioxygenase  
a c tiv ity .
5.2.3 C h a rac te risa tio n  o f th e  xylE+ T ran sfo rm an ts
D igestion of p lasm id DNA from  each  of th e  18 S. liv id a n s  
t ra n s fo rm a n ts  w ith  HindLU and  EcoRI re le a se d  th e  " in s e r t"  frag m en t 
a long w ith  th e  x y lE  r e p o r te r  gene from  th e  r e s t  of th e  v e c to r . The 
frag m e n ts  w ere re so lv ed  on a 0.8% (w /v) a g a ro se  gel (F ig u re  5.1) an d  
th e n  t r a n s f e r r e d  to  a  Amersham Hybond-N™  m em brane by  c ap illa ry  
b lo ttin g  (S o u th e rn , 1975) u n d e r  alkaline  co n d itio n s  (see S ection  2.3.15).
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F ig u re  5.1. Hindlll/EcoRl d ig e s t s  of i n d e p e n d e n t  iso la te s  of th e  
pIJ2843 c o n s t r u c t s .  The n u m b e r  a b o v e  th e  la n e s  d e s ig n a t e s  th e  
iso la te  w hich  was th e  s o u rc e  of th e  p lasm id. Lam bda Hindlll 
m a rk e r s  w ere  u se d  to  s ize  th e  Sau3Al  i n s e r t s .
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C leavage of th e  reco m b in an t v e c to r  m olecules w ith  SphL a n d  P s tl  
in d ic a ted  th a t  g ro ss  re a rra n g e m e n ts  o f th e  v e c to r  had  n o t o c c u r re d  
( re s u lt  n o t show n). The reco m b in an t p lasm ids co n ta in ed  in s e r ts  ra n g in g  
in  size  from  le ss  th a n  300bp to  app rox im ate ly  9.0 kb  in  iso la te  18. The 
m ost lik e ly  exp lanation  fo r  th e  la rg e  in s e r t  p re s e n t  in  th is  iso la te  is  
th a t  a  conca tem er of la rg e  Sau3AI f ra g m e n ts  h a s  b een  cloned  in  th is  
recom binan t.
To localise  th e  in s e r ts  co n ta in in g  p ro m o te r a c tiv ity , d ig e s ts  of th e  
5.5kb P s t l  frag m en t {SphL, S s tI ,  Sphl/K priL , KpriL an d  Sau3AI) w ere 
s e p a ra te d  on a  0.8% (w /v) a g a ro se  ge l a n d  t r a n s f e r r e d  to  ny lon
m em brane a s  d e sc r ib e d  above. HindLLI/EcoRI f rag m e n ts  from  
reco m b in an t v e c to rs  w ith  small Sau3AI in s e r t s  w ere  se le c ted  
p re fe re n tia lly  fo r  S o u th e rn  an a ly s is . The HindLII/EcoRl f rag m e n t from  
iso la te  12, w hich co n ta in ed  th e  r e p o r te r  gene  a n d  a  Sau3AI in s e r t  of 
le ss  th a n  300bp, was u se d  to  sy n th e s iz e  a  rad io -lab e lled  p ro b e  b y  th e  
"Random Prim er" m ethod (see Section  2.3.9.1). The p ro b e  h y b rid iz e d  
to  th e  920bp SphLi2rSstLi3 reg io n  (F ig u re  5.2, p an e l B). The S p h l-S s fL  
frag m en t w as th e n  iso la ted  an d  u sed  to  p re p a re d  a  rad io -la b e lle d  
p ro b e . T his p ro b e  h y b rid iz e d  w ith  th e  plasm id DNA of o n ly  e ig h t 
iso la tes  (Table 5.2), in d ica tin g  th a t  m ore th a n  one p ro m o ter e lem ent 
m ust e x is t in  th e  5.5kb reg ion . To d e term in e  th e  minimum n u m b er of DNA 
elem ents w ith in  th is  reg io n , w hich could  d ire c t  th e  tra n s c r ip t io n  of xylE , 
f u r th e r  ro u n d s  of h y b rid iza tio n  w ere  u n d e r ta k e n . U sing th e  a p p ro a c h  
d e sc rib e d  above, th e  HindLLI-EcbRI f rag m e n t from  iso la te  14, w hich  d id  
n o t h y b rid iz e  w ith  th e  S p h l-S s tI  p ro b e  an d  co n ta in ed  a  sm all Sau3AI 
in s e r t  (<300bp), w as u se d  to  p ro b e  d ig e s ts  of th e  PstL reg io n . T his 
p ro b e  h y b rid iz e d  to  DNA from  th e  200bp ifpnIi6-Sst[i7 re g io n  (F ig u re  
5.2, p an e l C). In  tu rn ,  th e  K pn l-SstL  f rag m e n t was u sed  to  p ro b e  
plasm id DNA from  th e  18 xylE+ iso la tes . T his p ro b e  h y b r id iz e d  to  th e  
p lasm id DNA from  sev en  xylE+ tra n s fo rm a n ts , in c lu d in g  two w hich  had  
b een  id en tified  u s in g  th e  S p h l-S s tL  p ro b e  (Table 5.2). As se v e ra l of th e  
tra n s fo rm a n ts  co n ta in ed  plasm ids w ith  la rg e  Sau3AI in s e r ts  (> lk b ) , i t  
was n o t u n ex p ec ted  th a t  c e r ta in  p lasm ids would h y b rid ize  w ith  more 
th a n  one p ro b e  from  th e  5.5kb P stl reg io n . A fte r th is  ro u n d  of a n a ly s is , 
plasm id DNA from only five  xylE+ tra n s fo rm a n ts  had  no t h y b rid iz e d  w ith
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e ith e r  of th e  p ro b e s . A rad io -la b e lle d  p ro b e  w as s y n th e s iz e d , th e re fo re , 
from  iso la te  11, one of th e  rem ain ing  iso la tes  th a t  c o n ta in ed  a  small 
S a u3AI in s e r t .  T his p ro b e  h y b rid iz e d  to  DNA from  th e  400bp SsHi7- 
P s tEi8 re g io n  (F ig u re  5.2, p anel D). In  tu r n ,  th e  S s tl-P sfL  f ra g m e n t w as 
u se d  to  p ro b e  plasm id DNA from  th e  18 xylE+ iso la tes . The SsfL-PstL  
p ro b e  h y b rid iz e d  to  a ll of th e  rem ain ing  xylE+ iso la te s  an d  se v e ra l 
w hich h ad  b een  id e n tif ie d  p re v io u s ly  (Table 5.2).
From  th e  h y b rid iza tio n  d a ta , i t  w as p o ssib le  to  d ed u ce  th e  m ost 
p ro b ab le  locations of th e  Sau3AI f rag m e n ts , w hich  w ere  c loned  in  th e  
xylE+ tra n s fo rm a n ts  (in c lu d in g  iso la te  5) w ith in  th e  5.5kb P s tl  reg io n  
(Table 5.2). I t  w as n e c e s sa ry , how ever, to  p o s tu la te  th a t  s e v e ra l  of th e  
reco m b in an t v e c to rs  co n ta in ed  la rg e  conca tem ers of Sau3AI f rag m e n ts  in  
o rd e r  to  reco n cile  th e  h y b rid iz a tio n  d a ta  w ith  th e  size e s tim ates  of th e  
Sau3AI in s e r ts .
The h y b rid iza tio n  of th r e e  Sau3AI in s e r ts  from  d if fe re n t V
tra n s fo rm a n ts  to  th re e  d is c re te  a re a s  w ith in  th e  5.5kb P s t l  re g io n  
in d ic a ted  th a t  a  minimum of th re e  DNA elem ents w ith in  th e  P s tl  re g io n  
could  prom ote ex p re ss io n  of x y lE  in  th e  pIJ2843 c o n s tru c ts .  As 
d if fe re n t p ro m o ters  cou ld  be d ire c tin g  t r a n s c r ip t io n  in  reco m b in an t 
p lasm ids th a t  h y b rid ize  w ith  th e  same p ro b e , more th a n  th r e e  DNA 
elem ents from  th e  Pstl8-i7 reg io n  could  be d ire c tin g  th e  t r a n s c r ip t io n  
of x y lE  in  th e  pIJ2843 c o n s tru c ts .
5.2.4 Location a n d  C h a rac te risa tio n  of th e  P rom oter R egion R esponsib le  
fo r  th e  T ra n sc rip tio n  of o trA  D uring  A ntib io tic  P ro d u c tio n
The main o b jec tiv e  of sh o tg u n  clon ing  Sau3Al f ra g m e n ts  in to  
pIJ2843 w as to  de lin eate  th e  location  of th e  p ro m o ter(s) re sp o n s ib le  fo r  
th e  t ra n s c r ip t io n  of otcC, otcZ  an d  otrA  d u r in g  an tib io tic  p ro d u c tio n . 
The location  of p rom oter a c tiv ity  to  th e  S p h li2 -S stli3  f ra g m e n t 
s u g g e s te d  th a t  su ch  a  p ro m o ter(s) would be located  betw een  th e  5*-end 
of otcC  a n d  th e  S s t l i3 s ite . T h e re fo re , f u r th e r  a n a ly s is  of th e  xylE+ 
tra n s fo rm a n ts  was no t u n d e r ta k e n  a t  th is  s tag e .
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The following is th e  ra tio n a le  fo r  co nclud ing  th a t  th e  S p h L -S s tl  
frag m en t co n ta in ed  a  p ro m o te r cap ab le  o f  d ire c tin g  tra n s c r ip t io n  of 
otcC, o tcZ  and  o trA . I t  w as c o n s id e re d  im probab le  th a t  th e  S p h L -S s tl  
re g io n  cou ld  con ta in  on ly  p ro m o te r a c tiv ity  cap ab le  of d ire c tin g  
tra n s c r ip t io n  in  th e  o p p o site  d ire c tio n  to  otcC. The mRNAs of d iv e rg e n t 
n o n -o v e rla p p in g  gen es  w ith in  o th e r  a n tib io tic  c lu s te r s  do n o t g e n e ra lly  
o v e rlap  to  an y  g re a t  e x te n t, fo r  example; th e  e ry th ro m y c in  re s is ta n c e  
gene  (erm E) an d  an  u n id e n tif ie d  ORF of Saccharopo lyspora  e ry th ra e a  
(Bibb e t  al., 1986; Bibb a n d  J a n s se n , 1987) an d  th e  tylH,D  re g io n  an d  
ty lF  re g io n  o f  S tre p to m y c e s  fra d ia e  (H e rsh b e rg e r, 1989). The 
o rg a n isa tio n  of t r a n s c r ip t io n  u n its  w ith in  an tib io tic  c lu s te r s  is  d isc u sse d  
in  d e ta il w ith in  S ection  1.5. S hould  th e  SphL-SstL  re g io n  co n ta in  
b id irec tio n a l n o n -o v e rlap p in g  o p en  re a d in g  framfes, i t  would be h ig h ly  
like ly  th a t  th e  p ro m o ters  re sp o n s ib le  fo r  th e i r  t ra n s c r ip t io n  would be 
located  betw een  th e  5’-e n d  of otcC  an d  th e  SsfL  s ite .
The s tro n g  codon b ia s  of S tre p to m y c e s  g en es  (Bibb e t al., 1984) 
w ould a p p e a r  to  place s e v e re  re s tr ic t io n s  on th e  cod ing  c ap a c ity  of th e  
fiv e  re a d in g  fram es w hich o v e rla p  p ro te in  cod ing  re g io n s . Only a  
couple of pub lica tio n s  have  p re s e n te d  te n ta tiv e  ev id en ce  fo r  th e  
p re se n c e  of b id irec tio n a l, o v e rla p p in g  PPCRs in  S trep to m yces;  ORF85 
a n d  ORF79 in  th e  plasm id p IJ lO l (Kendall an d  Cohen, 1988) an d  ORFs 
1215 an d  330 in  th e  In s e r tio n  Elem ent IS110 (B ru ton  an d  C h ater, 1987). 
In te re s tin g ly , b o th  of th e se  exam ples a re  d e riv e d  from  extrachrom osom al 
e lem ents, w hich m ight be th e  s u b je c t  of s tro n g  se lec tiv e  p r e s s u r e  to  
minimise th e  am ount of DNA re q u ire d  to  encode e sse n tia l fu n c tio n s . To 
d a te , b id irec tio n a l PPCRs w hich o v e rlap  ex ten s iv e ly  h av e  n o t bea\found 
w ith in  th e  gene c lu s te rs  fo r  an tib io tic s . I t  w as co n s id e re d  u n lik e ly , 
th e re fo re , th a t  a  d iv e rg e n t mRNA o rig in a tin g  w ith in  th e  S p h L -S s tl  re g io n  
would o v erlap  w ith  a  la rg e  p o ly c is tro n ic  m essage th a t  o r ig in a te d  
u p s tre am  of th e  S s t I13 s ite  an d  ex ten d ed  to  otrA . Following th is  line  of 
a rg u m en t, it  was concluded  th a t  a  p ro m o ter(s) located  betw een  th e  5’-  
en d  of otcC  and  th e  S s th z  s ite  shou ld  d ire c t  t ra n s c r ip t io n  to w a rd s  otcC. 
I t  was also  co n sid ered  p o ssib le  th a t  a n o th e r  c o n v e rg e n t g en e(s) w ith in  
th e  SphL-SstL  reg ion  could  p re c ed e  otcC  in  th e  p u ta tiv e  tr a n s c r ip t io n  
u n it  th a t  ex tends to  th e  3’-e n d  of otrA.
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To c o rro b o ra te , th e  above  d ed u c tio n s  a n d  to  fa c ilita te  th e  
o rie n ta tio n  and  location  of th e  Sau3AI in s e r ts  in  th e  pIJ2843 c o n s tru c ts ,  
th e  S,p M i2-S ,s£Ii3 re g io n  w as seq u en ced . D etailed a n a ly s is  of th e  
seq u en ce  is d e sc rib e d  in  th e  following c h a p te r . H ow ever, a  ’ schem atic  
re p re se n ta tio n  of th e  g en e tic  o rg a n isa tio n  in  th is  re g io n  is  show n in  
F ig u re  5.3. The SphL-SsiL  re g io n  co n ta in s  two p o te n tia l p ro te in  cod ing  
re g io n s  (PPCRs) w hich a re  en coded  on  th e  o p p o site  s t r a n d  to  otcC, o tcZ  
an d  otrA, The p re d ic te d  AUG s t a r t  codon fo r  o tcX  PPCR1 is  120bp to  th e  
r ig h t  of th e  S p h l  s ite . As th e  tra n s la t io n  in itia tio n  codon  fo r  otcC  is  
35bp to  th e  le f t  of th e  SphLn  s ite , th e  n o n -co d in g  re g io n  b e tw een  otcC  
a n d  o tcX  PPCR1 is  only  155bp. The reco g n itio n  se q u e n c e s  fo r  p ro m o te rs  
a re  n o t found  g e n e ra lly  w ith in  p ro te in  cod ing  re g io n s . T h e re fo re , i t  
w as c o n sid e red  p ro b ab le  th a t  th e  p ro m o ter fo r  th e  p u ta tiv e  o tcC -o tcZ -  
otrA  p o ly c is tro n ic  m essage would be co n ta in ed  w ith in  th e  in te rg e n ic  
reg io n  betw een  otcC  an d  otcX  PPCR1.
5.2.4.1 Location of th e  5* T erm ini o f th e  D iv e rg en t T ra n s c r ip ts
P rim er ex tensions w ere  u se d  to  map an d  q u a n tita te  th e  5*-te rm in i 
of th e  p u ta tiv e  otcC -o tcZ -o trA  p o ly c is tro n ic  m essage an d  th e  d iv e rg e n t  
t r a n s c r ip t  from th e  o p p o site  s tra n d . The te c h n iq u e  in v o lv es  h y b rid iz in g  
th e  RNA o f in te re s t  to  an  excess of a  s y n th e tic  o ligonucleo tide , w hich  is  
rad io -lab e lled  a t  th e  5*-end. R everse  t r a n s c r ip ta s e  is  th e n  u se d  to  
ex ten d  th e  p rim er to  p ro d u c e  DNA com plem entary  to  th e  RNA (cDNA). The 
same o ligonucleotide can  a lso  be u sed  to  g e n e ra te  d id eoxy-m ed ia ted  
seq u en c in g  la d d e rs  (S an g e r e t a l.t 1977), w hich can  be u se d  to  size  th e  
cDNA. U sing th is  a p p ro ach , i t  is  e s se n tia l th a t  th e  o ligonucleo tide  
p rim ers  b in d  to  a  s ite  w ith in  50-150 n u c leo tid es  of th e  5*-term inus of 
th e  mRNA. P rim ers th a t  h y b rid ize  to  m o re -d is ta l s i te s  g e n e ra te  
f r e q u e n tly  hetero logous ex ten sio n  p ro d u c ts  due  to  th e  te n d e n c y  of 
r e v e r s e  tra n s c r ip ta s e  to  p au se  in  reg io n s  of h ig h  sec o n d a ry  s t r u c tu r e  
w ith in  th e  RNA. This is  a  p a r tic u la r ly  im p o rtan t c o n s id e ra tio n  w hen 
an a ly s in g  s trep to m y cete  RNA, w hich co n ta in s  a  p re p o n d e ra n c e  of 
in v e r te d  re p e a ts  due to  th e  h ig h  G+C c o n te n t (E n q u is t an d  B rad ley , 
1971).
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o t c X  PPCR2 
5’ ■ ■ ■ ■ ■
■  5 * o t c X  PPCR1_________ ,
5 ’ 3 *
S a S aS p  A S3 S3 A Sa Sa S AS3
» 1 1__________ i__________ i_1________ 1___  1________________________________ 1____________ 1_____i_i
1 3  1 4
1_____ 1
lOObp
F ig u re  5.3. Schem atic  re p re se n ta tio n  o f th e  g en e tic  o rg a n isa tio n  w ith in  
th e  S p h h z-S stL iz  reg ion . The closed  boxes ( | V  in d ic a te  th e  p o s itio n s  
of th e  PPCRs. A b b rev ia tio n s: A, Aval; S, S a d ;  Sp, Sphl;  S3, Sau3AI. 
M odified from  F ig u re  6.3.
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R everse  t r a n s c r ip ta s e  is  availab le  from  two so u rc e s , Molony M urine 
Leukem ia V irus (M-MuLV) a n d  Avian M yeloblastosis V irus (AMV), w hich 
have  optimum te m p e ra tu re s  of 37°C a n d  42°C re sp e c tiv e ly . In itia l 
a tte m p ts  a t  p rim er ex ten sio n  u s in g  M-MuLV re v e r s e  t r a n s c r ip ta s e  w ere 
u n su cc e ss fu l. A lthough a  m ajor ex ten sio n  p ro d u c t cou ld  be  id en tified , a  
hetercgsfgous popu la tion  o f  ex ten sio n  p ro d u c ts  w as g e n e ra te d  ( r e s u lt  n o t 
show n). U nder th e  co n d itio n s  recom m ended b y  M aniatis e t  al. (1989), 
MuLV re v e rs e  t r a n s c r ip ta s e  a p p ea re d  to  h av e  c o n s id e ra b le  problem s 
e x ten d in g  th ro u g h  re g io n s  of s trep to m y ce te  RNA.
Homogeneous ex ten sio n  p ro d u c ts  w ere  o b ta in ed , how ever, u s in g  a  
p ro toco l com m unicated b y  L.V. Wray, J r  (B oston, U n iv e rs ity ) , w hich  u sed  
AMV re v e rs e  tr a n s c r ip ta s e  to  ex ten d  th e  p rim er. The d e c re a se d  s ta b ility  
of seco n d a ry  s t r u c tu r e  in  RNA a t  th e  h ig h e r  in c u b a tio n  te m p e ra tu re  
u sed  w ith  AMV re v e rs e  t r a n s c r ip ta s e  may exp lain  th e  o b se rv e d  d ecrea se  
in  heterogenous ex ten sio n  p ro d u c ts .
The 5’-te rm in i of t r a n s c r ip ts  fo r  s e v e ra l g en es  a sso c ia te d  w ith  
sec o n d a ry  m etabolism a re  a lso  th e  f i r s t  n u c leo tid e  o f th e  p ro p o sed  
tra n s la tio n  in itia tio n  codons, fo r example, th e  23S rRNA m ethy lase  gene 
from  S. e ry th ra e u s  (Bibb e t al., 1985), th e  streptothfTcin a ce ty l 
t r a n s fe ra s e  (s ta ) gene  from  S. la vendu lae  (H orinouchi e t  al., 1987), th e  
am inoglycoside p h o sp h o tra n s fe ra se  (a p h ) gene  from  S. fra d ia e  ( Ja n sse n  
e t al., 1989) and  th e  gene  (afsA) re sp o n s ib le  fo r  A -fac to r b io sy n th e s is  
in  S. g r ise u s  (H orinouchi e t  al., 1989). O ligonucleotide p rim e rs , C68 an d  
X84, w ere sy n th es iz ed , th e re fo re , th a t  h y b rid iz e d  to  s i te s  in  th e  RNA 68 
a n d  84 nu c leo tid es  dow nstream  from  th e  tra n s la t io n  in itia tio n  codons of 
otcC  an d  otcX  PPCR1 re sp e c tiv e ly  (F ig u re  5.6). Two M 13m pl8-based 
tem p la tes  mL6A a n d  mL6C (B utler, u n p u b lish e d ), w hich d if fe re d  only  in  
th e  o rien ta tio n  of th e ir  in s e r ts ,  w ere u sed  to  g e n e ra te  seq u en c in g  
la d d e rs  fo r  sizing  th e  cDNA w hich , w ere sy n th e s iz e d  from  th e  d iv e rg e n t 
t r a n s c r ip ts .  Both tem p la tes  con ta ined  th e  2.05 kb  Smalg-i^ frag m en t; th e  
SmaLu s ite  be ing  n e a re s t  th e  b in d in g  s ite  fo r  th e  u n iv e rs a l  p rim er 
(UP) in  mL6A (fo r re s tr ic tio n  s ite s , see F ig u re  5.10). The 
o ligonucleo tides, C64 an d  X84, w ere a lso  u sed  to  g e n e ra te  seq u en c in g  
la d d e rs  from  mL6A and  mL6C re sp ec tiv e ly .
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P rim er ex ten sio n  a n a ly s is  id e n tif ie d  s in g le  5*-term ini fo r bo th  th e  
p u ta tiv e  otcC -o tcZ -o trA  m essage an d  th e  d iv e rg e n t  t r a n s c r ip t  in  to ta l 
RNA iso la ted  from  S. r im osus  M15883 g row n on  TS1 fo r  4 6 h rs  (F ig u re  5.4, 
P anels A an d  B). The le a d e r  seq u en ces  of th e  d iv e rg e n t  mRNA fo r otcC  
an d  otcX  w ere  30 an d  25 nu c leo tid es  re s p e c tiv e ly . The t r a n s c r ip ts  w ere  
s e p a ra te d  b y  lOObp: th e y  w ere n o n -o v e rla p p in g  (F ig u re  5.6).
A nalysis of h y p o th e tic a l t r a n s c r ip ts  in  th e  in te rg e n ic  reg io n  
betw een  otcC  a n d  o tcX  PPCR1 u s in g  th e  FOLD p ro g ram  (D evereux e t al., 
1984; see  S ection  3.2.4) d id  n o t id e n tify  a n y  s ig n if ic a n t sec o n d a ry  
s t r u c tu r e  w hich could  p o ss ib ly  block th e  ex ten s io n  of th e  com plem entary  
DNA on h y p o th e tic a l t r a n s c r ip ts  o r ig in a tin g  o u tw ith  th is  reg ion . 
E xonuclease VII p ro te c tio n  an a ly s is  of th e  o tcC /o tcX  p rom oter reg io n  was 
c a r r ie d  o u t, how ever, to  c o rro b o ra te  th e  p rim er ex ten s io n  data.
A s in g le -s tra n d e d  p ro b e  (220nt), com plem entary  to  th e  sen se  
s tr a n d  of otcC, was g e n e ra te d  from  mL6A b y  ex ten sio n  from
oligonucleo tide  C64 (w hich was labelled  a t  th e  5* end) an d  d ig estio n  of
th e  p ro d u c t w ith  Aval (see Section  2.3.18). S im ilarly , s in g le -s t ra n d e d  
p ro b e  (199nt), com plem entary  to  th e  se n se  s t r a n d  of otcX, was 
p ro d u ced  b y  ex ten sio n  from  5’-lab e lled  o ligonucleo tide  X84, w hich w as 
h y b rid ize d  to  mL6C, an d  d ig estio n  of th e  p ro d u c t  w ith  S ph l. As th e se  
p a r tic u la r  p ro b e s  do n o t con tain  seq u e n c es  d e riv e d  from  coli p h ag e
M13mpl8 a t  th e ir  5’-te rm in i, th e  position  in  th e  seq u en ce  la d d e r  w ith  
w hich th e y  co -m ig ra te  c o rre sp o n d s  to  th e  a c tu a l t ra n s c r ip t io n  s t a r t  
s ite . Exonuclease VII an a ly s is  (F ig u re  5.5) re v e a le d  th e  same
tra n s c r ip t io n  s t a r t  p o in ts  o b se rv ed  by  p rim er ex ten sio n , in d ica tin g  th a t  
th e  ex ten sio n  w ere  no t in te r ru p te d  by  s e c o n d a ry  s t r u c tu r e  in  th e  mRNA. 
As Exonuclease VII can n o t d ig e s t DNA to  a  f lu sh  en d  (Rose and  B o tste in ,
1983), th e  m ajor Exonuclease V U -re s is ta n t frag m e n ts  m ig ra ted  w ith  an  
a p p a re n t  size 5 -7 n t la rg e r  th a n  th e  cDNA p ro d u c ts  of p rim er ex tension .
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F ig u re  5.4. P rim er ex ten s io n  a n a ly s i s  of th e  5’ e n d s  of th e  
p u ta t iv e  otcC-otcZ-otrA m essage  a n d  th e  d iv e r g e n t  t r a n s c r i p t .  (A) 
The ex te n s io n  p ro d u c t  from o l ig o n u c leo t id e  C68 h y b r id iz e d  with 
lOpg of to ta l  RNA iso la ted  from S. rimosus  M15883 grow n on  TS1 
fo r  4 6 h rs  (see  F ig u re s  3.6 a n d  3.7). (B) a s  (A) ex ce p t e x ten s io n s
w ere  from oligo. X84. The a r ro w s  (>) in d ic a te  th e  t r a n s c r ip t io n  
s t a r t  p o in ts  of o tcC p l an d  otcXp i  in  th e  se q u e n c in g  la d d e r s  
d e r iv e d  from oligo. C68 h y b r id iz e d  to  mL6A an d  oligo. X84 
h y b r id iz e d  to  mL6C re s p e c t iv e ly .  No e x te n s io n  p ro d u c ts  w ere  
g e n e r a te d  from  to ta l RNA iso la ted  from  S. rimosus  M15883S.
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F igure  5.5. E xonuc lease  VII a n a ly s i s  of th e  d iv e r g e n t  t r a n s c r i p t s .  
(A) S in g le - s t r a n d e d  p ro b e  (1.3X 107 C e re n k o v  cpm .pm ole-1)
c o m p lem e n ta ry  to  th e  a n t i - s e n s e  s t r a n d  of otcC  w as g e n e r a t e d  b y  
e x te n s io n  from  5’- la b e l le d  oligo. C64, w h ich  w as a n n e a le d  to  mL6A, 
u s in g  u n la b e l le d  n u c le o t id e s  a n d  d ig e s t io n  w ith  Aval (see  S ec t ion  
2.3.18). 0.3pmoles of p ro b e  w as h y b r id i z e d  a t  37°C w ith  lOpg of 
to ta l  RNA iso la te d  from  S. rimosus  M15883S (lane a) a n d  S. rimosus 
M15883 g ro w n  on TS1 fo r  4 6 h rs  ( lane  b). (B) S in g le - s t r a n d e d
p r o b e  (0.9X 107 C e re n k o v  cpm .pm ole-1) w as s y n th e s iz e d  from  mL6C 
b y  ex te n s io n  from 5’- la b e l le d  oligo. X84 a n d  d ig e s t io n  w ith  S ph l.  
0 .2pmoles of p ro b e  w as h y b r id iz e d  to  th e  same se lec t io n  of RNA as  
in (A).
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5.2.4.2 Q uan tification  of th e  5* T erm ini o f th e  D iv e rg en t
T ra n sc r ip ts .
P rim er ex ten sio n s  w ere  u se d  to  q u a n tita te  th e  5*-term ini of th e  
p u ta tiv e  otcC -o tcZ-o trA  p o ly c is tro n ic  m essage an d  th e  d iv e rg e n t 
t r a n s c r ip t  in  RNA iso la ted  from  S. r im o su s  M15883 (see F ig u re  3.6) a t  
v a r io u s  p o in ts  d u rin g  th e  fe rm en ta tio n  of o x y te tracy c lin e . A p a rt from  
ta k in g  r ig o  :rous s te p s  to  e n su re  th a t  th e  same am ount of RNA (lOpg) in  
each  sam ple w as h y b rid ize d  to  th e  o ligonucleo tide  p rim er, th e  ex ten s io n  
re a c tio n s  w ere u n d e r ta k e n  a s  d e sc r ib e d  p re v io u s ly  (S ection  5.2.4.1).
The am ount of cDNA s y n th e s iz e d  from  to ta l RNA, w hich  w as 
iso la ted  from  c u ltu re s  grow n on TS1 fo r  4 6 h rs , w as approx im ate ly  4-4.5 
fold  g re a te r  th a n  th e  am ount p ro d u c e d  from  RNA iso la ted  a f te r  93 h rs  
(F ig u re  5.7, Panel A). The 4 6 h r sam ple w as iso la ted  e a r ly  in  th e  
p ro d u c tio n  p h ase  w hen th e  c o n ce n tra tio n  of OTC in  th e  m edia w as low, 
app rox im ate ly  O.Smg.ml**1. The 93hr sam ple re p re s e n te d  th e  m id -p o in t in  
th e  fe rm en ta tio n  w hen th e  c o n ce n tra tio n  of OTC was 3.2mg.ml_1. The 
am ount of cDNA sy n th e s iz e d  from  RNA iso la ted  a f te r  69 h rs  w as s lig h tly  
more th a n  th a t  p ro d u ced  from  th e  93hr sam ple. P rev io u s ly , a  s in g le ­
s tra n d e d  p ro b e  was u sed  to  m easu re  q u a n tita tiv e ly  th e  am ount of 
t ra n s c r ip t io n  betw een th e  3* en d  of o tcZ  an d  th e  5’ en d  of o trA  in  th e  
same RNA sam ples (Section 3.2.4). The re la tiv e  am ounts of s in g le ­
s tra n d e d  p ro b e  p ro te c te d  b y  t r a n s c r ip ts  w ith in  th e  d if fe re n t RNA 
sam ples (see F ig u re  3.7B) w ere sim ilar to  th e  am ount of cDNA 
s y n th e s iz e d  on th e  otcC  t r a n s c r ip t  a t  th e  5’ end  (F ig u re  5.7). T hese  
r e s u l ts  w ere  c o n s is te n t w ith  otcC  b e in g  th e  f i r s t  gene  of a  
t r a n s c r ip t io n  u n it th a t  also  in c lu d es  o tcZ  an d  otrA.
U n d er sim ilar fe rm en ta tio n  co n d itio n s , th e  spec ific  a c t iv i ty  of 
a n h y d ro te tra c y c lin e  oxygenase , w hich is  encoded  b y  otcC, h a s  b een  
show n to  r is e  ra p id ly  d u rin g  th e  tra n s it io n  from  th e  p e rio d  of in te n s e  
g ro w th  to  th e  s ta tio n a ry  p h ase , re a c h  a  maximum level ap p rox im ate ly  20 
h o u rs  a f te r  OTC is f i r s t  d e tec te d  in  th e  c u ltu re  b ro th  an d  th e n  decline , 
w ith in  20 h o u rs , to  a  level seen  a t  th e  o n se t of p ro d u c tio n  (B u tle r, 
u n p u b lish e d  re su lt) . The ch an g es  in  th e  spec ific  a c tiv ity  of ATC 
o x ygenase , w hich re f le c t approx im ate ly  th e  ch an g es  in  th e  a b u n d an c e  of
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oligo C64 Sau3AI
TGGCACCGGCCAGGCGCAGTTCGCAGGCGAGCATCAGGCCGGTCGGCCCGGCGCCGGCGA
1--  +---------- H-----   -I-------- — -----------   + 60
ACCGTGGCCGGTCCGCGTCAAGCGTCCGCTCGTAGTCCGGCCAGCCGGGCCGCGGCCGCT 
AlaGlyA1aLeuArgLeuGluCysAlaLeuMetLeuGlyThrProGlyAlaGlyAl a
Sau3AI SpliI
TCACCACGTCGTACCGCATACACGCTCCTCGGATCATCAGTGGGTTGCCGCCGAGCATGC
61-- ---------------- +-------------+---  h--------------- +------------- +--------------+ 120
AGTGGTGCAGCATGGCGTATGTGCGAGGAGCCTAGTAGTCACCCAACGGCGGCTCGTACG
IleValValAspTyrArgMet •••••• ■+----- 1
otcC RBS otcCpl
TGACCGCGGGCATTAAAGGCGCCGTCCAGCCGGAATCCGGAGCGGGTGGCTCGAAGTGTG
1 2 1  :--------------------------- + ------------------t - h----------------------- H-------------------------+ ----------------------- + ----------------------- +  1 8 0
ACTGGCGCCCGTAATTTCCGCGGCAGGTCGGCCTTAGGCCTCGCCCACCGAGCTTCACAC
. v  . RBS otd< PPCR1
OtcXp l _ ^  A v a l mmmmm M e tP r o
CTCGAAGCGGGC77CGTAGCG7GGCCGCGACCCTACGGACCCCGAGGACGCTTCATGCCG
181-- +---------- h-----------h-----------+---------- +---------- + 240
GAGCTTCGCCCGAAGCATCGCACCGGCGCTGGGATGCCTGGGGCTCCTGCGAAGTACGGC
PheThrGlnLysGluIleThrlyrLeuArgAlaGl nGlyTyrGlyArgLeuAlaThrVal 
TTCACCCAGAAGGAAATCACCTACCTGCGCGCGCAGGGCTACGGCCGTCTGGCGACGGTC
241--  +---------- +---------- +---------- +---------- +---------- + 300
AAGTGGGTCTTCCTTTAGTGGATGGACGCGCGCGTCCCGATGCCGGCAGACCGCTGCCAG
G1 yA1aH i sGlyGluPrcHi sAsnValProVal SerPheGlul1eAsDGluGluArgGly 
GGCGCCCATGGAGAAC C CCACAACGTGCCCGTCTCGTTCGAGA TC GACGAGGAGC GCGGC
301--  +-----------   +---------- + + 360
CCGCGGGTACCTCT i GGGGTGTTGCACGGGCAGAGCAAGCTCTAGC7GCTCG7CGCGCCG 
oligo. X84
[gure  5.6. A nno ta ted  seq u en ce  of th e  o tc C p l/o tc X p l  p ro m o te r reg io n  
low ing th e  p o sitio n  of th e  p u ta tiv e  tra n s la t io n  s t a r t  codon, ribosom e 
:nding s ite s , tra n s c r ip t io n  s t a r t  s i te s  an d  p ro m o te r seq u e n c es  fo r  
tcC a n d  otcX.
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otcC pl o tcX pl
CO■+J 60
coCO
3Q
53
COCo
HO
5
60
50
40
30
20
10
0
M4018 |------ M15883  1 M4018 |------ M15883 -1
Control 46hr 69hr 93hr Control 46hr 69hr 93hr
' '
F ig u re  5.7. Q uan tita tiv e  m easurem ent of cDNA sy n th e s iz e d  from  th e  
d iv e rg e n t t r a n s c r ip ts  a t  th e  5* end . (A) O ligonucleotide C64 ( ln g ) , 
w hich was labelled  a t  th e  5’ end , w as an n ea led  to  10pg of to ta l 
RNA iso la ted  from S. rim osus  M4018 grow n TSB, S. rim osus  M15883 
grow n on TS1 fo r 4 6 h rs , 69h rs  an d  93 h rs  (see  F ig u re  3.6). (B)
as (A) excep t oligo. X84 was annea led  to  th e  RNA sam ples. The 
p rim ers  w ere ex ten d ed  by  AMV re v e rs e  t r a n s c r ip ta s e  (see S ection  .; 
2.3.19). The in te n s ity  of th e  im ages p ro d u c e d  b y  a u to ra d io g ra p h y  
of th e  6% (w /v)po lyacry lam ide  gel u se d  to  re so lv e  th e  cDNAs was 
d e term ined  by  d en s itro m e try  scan n in g  (see S ection  2.3.21).
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th e  5’ end  of th e  p u ta tiv e  otcC -o tcZ -o trA  m essage, p ro v id e d  su p p o r t  
fo r  th e  p ro p o sa l (Section 4.3) th a t  th e  de lay  in  th e  o n se t of 
o x y te tracy c lin e  p ro d u c tio n  can  be a t t r ib u te d ,  a t  le a s t  in  p a r t ,  to  th e  
tem poral reg u la tio n  of t ra n s c r ip tio n . I t  rem ains a  form al p o ssib ility , 
how ever, th a t  th e  ca ta ly tic  a c tiv ity  of a n h y d ro te tra c y c lin e  oxygenase  
an d  p o ssib ly  o th e r  enzym es in vo lved  in  th e  p ro d u c tio n  of OTC may also 
be re g u la te d .
C hanges in  th e  ab u n d an ce  of th e  5’- te rm in u s  of th e  d iv e rg e n t 
t r a n s c r ip t  followed a  sim ilar p a t te rn  to  th o se  d e te rm in ed  fo r  th e  
p u ta tiv e  otcC -o tcZ -o trA  p o ly c is tro n ic  m essage (F ig u re  5.7, P anel B). 
A ssum ing th a t  th e  p rim ers , w hich w ere u se d  to  an a ly se  th e  
t r a n s c r ip ts ,  w ere labelled  w ith  sim ilar e ffic ien cy  (no s ig n if ic a n t 
d iffe ren ce  in  th e  am ount of ra d io a c tiv ity  in  th e  o lig o n ucleo tides was 
d e tec te d  a f te r  rem oval of th e  u n in c o rp o ra te d  t - 32P ATP by  column 
ch ro m ato g rap h y ), th e  sim ilarity  in  th e  in te n s ity  of th e  cDNA p ro d u c ts  
p ro d u ced  by  a u to ra d io g ra p h y  s u g g e s ts  th a t  in  c o rre sp o n d in g  RNA 
sam ples th e  p u ta tiv e  otcC -o tcZ -o trA  p o ly c is tro n ic  m essage an d  d iv e rg e n t 
t r a n s c r ip ts  w ere p re s e n t  in  sim ilar am ounts. The p ro m o te rs  fo r  th e se  
t r a n s c r ip ts  would a p p ea r, th e re fo re , to  have  sim ilar tem poral re g u la tio n .
P rim er ex tension  an a ly s is  u s in g  RNA iso la ted  from  c u ltu re s  of 5. 
rim osus  M4018 grow n on TSB, in  w hich t r a n s c r ip ts  o r ig in a tin g  from  
ofcrApl p redom inate  (see F ig u re  3.7A) fa iled  to  d e te c t a n y  t r a n s c r ip ts  
o th e r  th a n  th o se  o rig in a tin g  from  o tcC pl an d  otcXp  1 ( r e s u lts  n o t 
show n). I t  would a p p ea r, th e re fo re , th a t  s in g le  p ro m o te rs  d ire c t  
tra n s c r ip t io n  of th e  otcC -o tcZ-o trA  p o ly c is tro n ic  m essage a n d  th e  
d iv e rg e n t t r a n s c r ip t .
5.2.5 Com parison of th e  o tc C p l/o tc X p l  P rom oter S eq u en ces
A lignm ent of th e  DNA seq u en ce  from  -50 to  +1 of o tcC p l an d  
otcXp i  rev ea led  g re a te r  th a n  38% id e n tity , w ith o u t th e  need  to  in s e r t  
g ap s  (F ig u re  5.8). S ev era l o th e r  in te re s t in g  fe a tu re s  w ere  a lso  
id en tified , which could be invo lved  in th e  in itia tio n  an d  re g u la tio n  of 
tra n s c r ip tio n .
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GGATTCCGGCTGGACGGCGCCTTTAATGCCCGCGGTCAGCATGCTCGGCG o tc C p l  
* **** ** * ** ** *** ** **
■ ■ ■ >    --
AGCGGGTGGCTCGAAGTGTGCTCGAAGCGGGCTTCGTAGCGTGGCCGCGA o tcA 'p l
tA GgaT S tr e p to m y c e s
C o n s e n s u s  
TAtAaT E. c o l i
C o n s e n s u s
F ig u re  5.8. S equence  com parisons o f th e  o tcC pl an d  otcX p i  
p ro m o te rs . T ra n sc rip tio n  s t a r t  s i te s  a n d  p u ta tiv e  -10  a n d  -35 
re g io n s  a re  u n d e rlin e d . A s te r isk s  (*) in d ica te  c o n se rv e d  
n u c leo tid e s . Bold a rro w s  (——>) in d ic a te  th e  location  of th e  tandem  
re p e a ts .  The E. coli a n d  S tr e p to m y c e s  c o n se n su s  seq u en ces  show n 
a re  th o se  of Hawley a n d  M ^ lu re  (1983) an d  Hopwood e t  a l  (1986).
TTGaca
TTGACa
P r o k a r y o t e G ene S e q u e n c e H o m o lo g y
E. c o l i C o n s e n s u s
5 ’ -  3 ’ 
« > —
CTGTCATAAAACTGTCAC 
T T T T
S.  g r i s e u s  
S.  l i v i d a n s  
S.  g r i s e u s
S.  r i m o s u s  
S.  r i m o s u s
pabS  CTGTCATGATACTGCGCG
ORFX CTTGCACCTCAC. GTCACG
aphD CTGTGCGACATCTGGCAT
I C\
o t c C  GGCTGGACGGCGCCTTTAAT
o t c X  PPCR1 GGCTCGAAGTGTGCTCGAAG
6 6 %
72%
72%
44%
33%
F ig u re  5.9. A lignm ent of p o ss ib le  re g u la to ry  se q u e n c e s  in  
p h o s p h a te - re g u la te d  p ro m o ters  of S tre p to m y c e s .  The c o n se n su s  
seq u e n c e  fo r pho  boxes in E. coli is  th a t  of Makino e t  a l  (1990). 
The tandem  re p e a t in  th e  E. coli p h o  box is  in d ica ted  b y  a rro w s  
(— >). The nuc leo tid es  in bold ty p e  a re  c o n se rv e d  w ith  r e s p e c t  to 
th e  c o n se n su s  pho  box in E. coli. T he a lignm en t of th e  p ro m o te rs  
fo r  th e  p a b S , ORFX and  g en es  w as ta k e n  from  L iras e t  al.
(1990).
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C en tred  a ro u n d  -10  th e re  a re  h exam ers in  otcC pl (CAGCAT) a n d  
otcXp i  (TAGCGT) w hich m atch re a so n a b ly  well th e  -10  c o n se n su s  
seq u en ce  (TATAAT) fo r  th e  m ajor c la ss  of e u b a c te r ia l p ro m o te rs . The 
te n ta tiv e  -10 re g io n s  of th e se  p ro m o ters  show ev en  h ig h e r  s im ila rity  to  
th e  -10  reg io n  (TAGGAT) of th e  S tre p to m y c e s  c o n se n su s  (see  S ec tion
5.1) (Hopwood e t  al,, 1986).
An in sp ec tio n  of th e  p ro m o ter seq u e n c es  16-18bp u p s tre am  of th e  
"-10" hexam ers, re v e a le d  no s im ila rity  to  th e  "-35" re g io n  of th e  
co n se n su s  fo r  th e  m ajor c lass  of e u b a c te r ia l p ro m o te rs  (TTGACA). 
C en tred  a ro u n d  -36 , how ever, hexam ers in  o tcC p l (TGGACA) a n d  otcXp i  
(TCGAAG), w hich a re  sp aced  21bp u p s tre am  of th e  te n ta tiv e  -10  re g io n , 
d id  show reaso n ab le  s im ila rity  to  th e  c o n se n su s  -35  reg io n . W hilst, su c h  
sim ilarities would be d ism issed  in  E. coli due  to  th e  u n c h a ra c te r is t ic  
d is ta n ce  betw een  th e  p u ta tiv e  reco g n itio n  seq u e n c es  (M andecki a n d  
R eznikoff, 1982; M ulligan e t  al., 1985; S tefano  an d  G ralla, 1982), th e re  is  
a  p re c e d e n t fo r  th is  sp ac in g  in  c e r ta in  p ro m o te rs  from  B. su b til is ,  
w hich a re  re g u la te d  tem pora lly . The sp o IIE  p ro m o ter (Guzman e t  al.,
1988) an d  spoIIG  p ro m o ter (K enney an d  M oran, 1987) b o th  co n ta in  
hexam ers w hich show h ig h  sim ilarity  to  th e  -35 an d  -10 re g io n s  of th e  
c o n se n su s  fo r  th e  m ajor c la ss  of e u b a c te r ia l p ro m o ters . H ow ever, th e s e  
reg io n s  have  th e  a ty p ic a l sp ac in g s  of 21bp fo r  th e  spo IIE  p ro m o te r a n d  
22bp fo r  th e  spoIIG  p ro m o ter re sp e c tiv e ly . S im ilarly , th e  sp ac in g  of th e  
p u ta tiv e  -35 an d  -10 re g io n s  of th e  g a lp l  p ro m o ter from  th e  
S trep to m y c es  ga lac to se  o p e ro n  is u n u su a lly  long (21 o r  24bp) 
(W estpheling and  B raw ner, 1989).
For g a lp l , i t  was p ro p o sed  th a t  th e  m ajor form  of RNA p o lym erase  
cou ld  be made to  reco g n ise  p rom oters  w ith  "-10" an d  "-35" re g io n s  th a t  
w ere  s e p a ra te d  b y  an  a ty p ic a l d is ta n ce  b y  re g u la to ry  p ro te in s  th a t  
in te ra c te d  e ith e r  w ith  th e  p rom oter o r  w ith  th e  RNA p o ly m erase  
(W estpheling and  B raw ner, 1989). A no ther p o ss ib ility  is  th a t  one o r  
m ore of th e  S trep to m y c es  a -lik e  p o ly p e tid e s  encoded  by  th e  hom ologues 
of rpoR  (the  h r d  g e n e s -  T akahash i e t  al., 1988; B u ttn e r  e t  al., 1990) 
could  reco g n ise  p ro m o ters  w ith  seq u en ces  sim ilar to  th e  m ajor 
e u b a c te ria l c lass , b u t s e p a ra te d  by  a ty p ic a l d is ta n c e s  (fo r d iscu ss io n  of
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t ra n s c r ip t io n  in itia tio n , see  Section  1.9). I t  is  p o ssib le , th e re fo re , th a t  
th e  hexam eric reg io n s  id e n tif ie d  in  o tcC pl a n d  otcXp i  could  be 
re c o g n ise d  b y  RNA polym erase. T ra n sc r ip tio n  from  o tcC p l an d  otcXp i  
o c cu rs  p red o m in an tly  d u r in g  th e  e a r ly  p h a se  of an tib io tic  p ro d u c tio n . 
The u n u su a l sp ac in g  of th e  p u ta tiv e  -35 an d  -10  re g io n s  in  th e se  
p ro m o ters  may re f le c t  th is  d is t in c t  tem pora l a c tiv ity .
Between -41  an d  -23  of otcXp i  a  p e r fe c t  tandem  re p e a t  of a n  
octam er (GCTCGAA) was id en tified . The r e p e a t  seq u e n c es  w ere s e p a ra te d  
b y  3bp. S im ilarly, a  h y p h e n a te d  tandem  re p e a t  seq u en ce  w as fo u n d  in  
o tcC pl (F ig u re  5.8). D irec t re p e a ts  w ith  a  sim ilar s ig n a tu re  to  th o se  
fo und  in  otcC pl an d  otcXp i  a re  th e  reco g n itio n  s ite s  fo r  t ra n s c r ip t io n  
a c tiv a to rs  su ch  as  OmpR, ToxR and  PhoB in  E. coli (Mizuno an d  
Mizushima, 1986; Miller e t  al., 1987; Makino e t  al., 1986).
To d a te , th e  b e s t  c h a ra c te r is e d  of th e se  re g u la to ry  p ro te in s  is 
PhoB, w hich p o s itiv e ly  re g u la te s  th e  p h o sp h a te  re g u lo n  in  E. coli, 
d u rin g  p h o sp h a te  lim itation (see S ection  1.7) (Makino e t al., 1986; 
Makino e t  a l ,  1988). PhoB re c o g n ise s  an d  b in d s  to  a  c o n se rv e d  
re g u la to ry  seq uence , d e s ig n a te d  th e  p h o  box, a c tiv a tin g  tra n s c r ip t io n  
(Makino e t al., 1988). The co n sen su s  seq u en ce  fo r th e  p h o  box c o n s is ts  
of a  tandem  re p e a t of a  hep tam er (GTGTCAT) s e p a ra te d  b y  4bp . I t  h as  
been  su g g e s te d  th a t  each  p h o  box may be bound  b y  two PhoB 
su b u n its . Each PhoB s u b u n it p ro b a b ly  m akes c o n tac t w ith  th e  same 
s ide  of th e  DNA molecule, as  one tu r n  of th e  helix  of B -form  DNA is  
10.5bp long, sim ilar to  th e  d is tan ce  betw een  th e  c e n tr e s  of th e  re p e a te d  
seq u en ces  (10bp). The p h o  boxes of E. coli p ro m o te rs  re g u la te d  b y  
p h o sp h a te  a re  located  a t  th e  same p o sition , lObp u p s tream  of th e  -10  
reg io n s . I t  has b een  p ro p o sed  th a t  PhoB p ro te in  b o u n d  to  th e s e  p h o  
boxes, s u b s ti tu te s  fo r  a  ty p ica l -35 re g io n  in  th e  p h o sp h a te -c o n tro lle d  
p ro m o ters  of E. coli (Makino e t al., 1986, 1988).
Sim ilar to  th e  p h o  boxes, th e  tandem  re p e a ts  in  th e  p ro m o ter 
seq u en ces  of o tcC pl and  otcX pl w ere fo und  lObp u p s tre am  of th e  
te n ta tiv e  "-10" reg io n s . The c e n tre s  of th e se  re p e a ts  w ere  a lso  
s e p a ra te d  by  lObp. I t  is  conceivable, th e re fo re , th a t  th e  tandem  re p e a ts
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betw een  -41  an d  -23 of o tcC p l an d  otcXp i  may be  reco g n itio n  s ite s  fo r  
a  common re g u la to ry  p ro te in  th a t  b in d s  a t  th e  o n se t of o x y te tra cy c lin e  
p ro d u c tio n  a c tiv a tin g  tra n s c r ip tio n .
As th e  otcC pl p rom oter d ire c ts  t r a n s c r ip t io n  of th e  ATC 
oxygenase , w hich h as b een  show n to  b e  re g u la te d  b y  p h o sp h a te  (Behai 
1979; B u tle r p e rs . comm.), th e  tandem  re p e a ts  of o tcC pl a n d  otcXp i  w ere  
a lig n ed  w ith  th e  co n sen su s  fo r  th e  E. coli p h o  boxes (Makino e t  al., 
1990) an d  ph o -lik e  seq u en ces  from  th e  re g u la to ry  re g io n s  of 
S tre p to m y c e s  p ro m o ters  (F ig u re  5.9) (L ira s  e t  al., 1990), w hich a re  a lso  
s u b je c t  to  p h o sp h a te  co n tro l (see S ec tion  1.7). The tandem  re p e a ts  of 
o tcC p l an d  o t c l p l  have  44% an d  33% seq u e n c e  id e n tity  to  th e  E. coli 
c o n se n su s  seq u en ce  re sp ec tiv e ly . A lthough  th e  p h o -lik e  seq u e n c es  of th e  
pahS , sphD  an d  ORFX p ro m o ters  from  S tre p to m y c e s  h av e  h ig h e r  
s im ila rity  to  th e  E. coli co n sen su s  (>65%), th e  o tcC p l an d  otcATpl m atches 
a re  c o n s id e re d  to  be s ig n ifican t. The tandem  re p e a ts  of b o th  th e  o tc  
p ro m o ters  sh a re  th e  most h ig h ly  c o n se rv e d  n u c leo tid es  of th e  E. coli
c o n se n su s  (CT A-). I t  is  p ro p o sed  th a t  th e  tandem  re p e a ts  of o tcC p l
an d  oicX pl be r e fe r re d  to  as  opl (o x y te tracy c lin e  p h o - like) boxes.
The S. r im osus  p ro d u c tio n  s t r a in  M15883 w as d e riv e d  from  a  soil 
iso la te , S. rim osus  G7, th ro u g h  an  e x ten s iv e  s tra in  im provem ent 
program m e, invo lv ing  many ro u n d s  of m u tag en es is  an d  se lec tio n  fo r  
s u rv iv o rs  th a t  p ro d u ced  h ig h e r  t i t r e s  of OTC. T ra n sc rip tio n  of th e  o tc  
c lu s te r  may have been  a  ta r g e t  of s t r a in  im provem ent. I t  is  p o ssib le , 
th e re fo re , th a t  an y  pho  boxes in  th e  o x y te tra cy c lin e  c lu s te r  may h av e  
d iv e rg e d  s ig n ific an tly  from  th a t  of th e  o rig in a l S. r im osus  s t r a in  G7. 
This may explain  w hy th e  tandem  re p e a ts  of o tcC pl an d  o tcX pl show  
le ss  homology to  th e  E. coli c o n se n su s  th a n  th e  o th e r  p h o -lik e  
seq u e n c es  so f a r  id en tified  in  S trep to m yces . T his p o ss ib ility  is  c u r r e n t ly  
b e in g  in v e s tig a te d  by  seq u en c in g  th e  o tcC p l/o tc X p l p ro m o ter re g io n  
from  S. r im osus  G7, which has been  am plified  u s in g  th e  p o ly m era se -ch a in  
re a c tio n  (H unter, u n p u b lish ed  w ork).
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The s im ila rity  of th e  opl boxes, w h ich  o v e rlap  w ith  th e  p u ta tiv e  -  
35 re g io n s  of th e  otcC pl an d  o tcX p l, to  th e  p h o  boxes in  E. coli an d  th e  
su p p re s s io n  of o x y te tracy c lin e  p ro d u c tio n  b y  h ig h  lev e ls  of p h o sp h a te , 
s u g g e s ts  th a t  th e  o n se t of an tib io tic  p ro d u c tio n  in  S. r im osus  may be 
co n tro lled  b y  a  p ro te in  w hich u n d e r  p h o sp h a te  lim itation • a c tiv a te s  
tra n s c r ip t io n  b y  b ind ing  to  p ro m o te rs  w ith in  th e  o tc  c lu s te r . T his 
p ro p o sa l cou ld  p ro v id e  an  ex p lan a tio n  fo r  th e  re d u c tio n  in
o x y te tra cy c lin e  p ro d u c tio n , w hich is  o b se rv e d  w hen c e r ta in  re g io n s  of 
th e  o tc  c lu s te r  a re  in tro d u ce d  in to  th e  p ro d u c tio n  s t r a in s  on h ig h -  
co p y -n u m b er plasm ids, b u t no t on lo w -co p y -n u m b er p lasm ids (B u tle r e t  
al., 1989). A nalysis of th e  DNA seg m en ts  a t  th e  otrA  en d  of th e
o x y te tracy c lin e  c lu s te r , rev ea led  th a t  a ll of th e  frag m en ts  co n ta in in g  
o tcC pl a n d  otcXp i  caused  "sw itch -o ff"  w hen th e y  w ere  c loned  on th e  
h ig h -c o p y -n u m b e r plasm ids (F ig u re  5.10). I t  is  p o ssib le  th a t  p lasm id - 
b o rn e  cop ies of th e  tandem  re p e a ts  in  th e s e  p ro m o ters  s e q u e s te re d  th e  
p u ta tiv e  re g u la to ry  p ro te in , w hich is re q u ire d  fo r th e  t ra n s c r ip t io n  of 
th e  o tc  c lu s te r . The a c tiv a to r  p ro te in  may be th e  S tre p to m y c e s -  
e q u iv a len t of th e  PhoB p ro te in  found  in  E. coli.
An overv iew  of th e  Pho re g u lo n  in  E. coli is p re s e n te d  in  th e  
G eneral In tro d u c tio n  (Section 1.7) an d  th e re fo re , will no t be d e sc rib e d  a t  
le n g th  in  th e  following d iscu ssio n . The p h o sp h a te  reg u lo n  in  E. coli w as 
c h a ra c te r is e d  o rig in ally  by  a n a ly s in g  th e  ex p re ss io n  of th e  a lk aline
p h o sp h a ta se  gene, phoA  (fo r a  lu c id  rev iew  an d  re fe re n c e s , see  S tock  e t
al., 1989). The phoA  gene p ro d u c t h y d ro ly se s  p h o sp h o e s te rs  to  Pi in  
th e  perip lasm  an d  can be a ssa y ed  eas ily  by  a  sim ple p la te  t e s t  
(T o rrian i a n d  Rothman, 1961). In  w ild -ty p e  ce lls , th e  ex p re ss io n  of phoA  
is  s u p p re s s e d  by  h igh  levels  of p h o sp h a te . Many of th e  loci in v o lv ed  
in  th e  u p ta k e  of p h o sp h ate  w ere id e n tif ie d  b y  c h a ra c te r is in g  m u tan ts , 
w hich e x p re sse d  co n stitu tiv e ly  a lk a lin e  p h o sp h a ta se . I t  w ould be  
in te re s t in g , th e re fo re , to  s tu d y  th e  ex p re ss io n  of a lkaline p h o sp h a ta se  
in  S trep to m yces . Should th e  o tc  g en es  be  p a r t  of a  p h o sp h a te  re g u lo n  
in  S trep to m y c es , i t  would be p re d ic te d  th a t  m uta tions w hich cau se  th e  
c o n s ti tu tiv e  sy n th e s is  of th e  a lkaline  p h o sp h a ta se  a t  a  h ig h - le v e l 
a c tiv ity  may also re s u lt  in  th e  c o n s ti tu tiv e  p ro d u c tio n  of OTC. S uch  
m u tan ts  would dem onstra te  co n v in c in g ly  th e  in te g ra tio n  of p h o sp h a te  
assim ila tion  and  OTC production .
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otrA  o tcZ  otcCr
1 otcX PPCR1
otcX PPCR2
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_1_________ I I I__I___________I_1------ 1______I____________ ' t .________ i t i !
3 4 5 6 7 8 9 10 11 12 13 14 15 161718
------------------------- pPFZ46  1
PPFZ102
PPFZ105
pPFZ86
|—  pPFZ131
lkb
F ig u re  5.10. The "Sw itch-O ff" p henom ena  a t  th e  "otrA" e n d  of
o tc  c lu s te r .  L ines ( |------1) in d ic a te  th e  e x te n t of th e  DNA seg m en ts
w hich  cau se  a  s ig n if ic a n t re d u c tio n  in  th e  b io sy n th e s is  of 
o x y te tra c y c lin e  w hen in tro d u c e d  in to  th e  p ro d u c tio n  s t r a in ,  S . 
r im o su s, on h ig h -c o p y -n u m b e r p lasm ids. A bold line  (■ ■ §) 
in d ic a te s  th e  location  of th e  o tc C p l/o tc X p l p ro m o ter re g io n . 
A b b rev ia tio n s: B, BamBl; Be, BcR; K, KpriL; P, PstL; S, S a d ;  Sm, 
SmaL; Sp, SphL.
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The opl boxes may p ro v id e  an  a lte rn a tiv e  s ta r tp o in t  fo r  
in v e s tig a tin g  th e  m echanism (s) w hich c o n tro ls  th e  o n s e t of 
o x y te tra cy c lin e  p ro d u c tio n  in  S. r im o su s. By com bination of seq u e n c in g  
an d  tra n s c r ip t io n  a n a ly s is  i t  sh o u ld  be p o ssib le  to  e s ta b lish  if o p l boxes 
a re  a  common fe a tu re  of p ro m o te rs  in  th e  o x y te tracy c lin e  c lu s te r .  S hould  
th is  be th e  case , th e n  gel re ta rd a tio n  a s sa y  u s in g  o p l  boxes a s  
s u b s t r a te s  may fac ilita te  th e  p u rif ic a tio n  of th e  p u ta tiv e  re sp o n se  
re g u la to r  OplB, th a t  p re su m ab ly  a c tiv a te s  t ra n s c r ip tio n . The " re v e r s e  
tra n s la t io n "  of amino ac id  seq u en ce  from  th e  am in o -te rm in u s of th e  
p u rif ie d  p ro te in , would allow an  o ligonucleo tide  to  be g e n e ra te d , w hich 
shou ld  fa c ilita te  th e  iso la tion  of th e  gene  fo r p u ta tiv e  re g u la to r  to  be 
iso la te  from  a  DNA lib ra ry  of S . rim osus  M15883.
F inally , i t  is  in te re s t in g  to  sp ecu la te  w hy th e  p ro d u c tio n  of an  
an tib io tic  may be p a r t  of a  p h o sp h a te  reg u lo n . On solid  medium, th e  
p ro d u c tio n  of an tib io tic  o fte n  co incides w ith  th e  sw itch  to  m orphological 
developm ent, w hen th e  a e r ia l mycelium i s  e n v isa g e d  to  gain  
su s te n a n c e  from th e  ly s in g  s u b s t r a te  mycelium. I t  h as  b een  a rg u e d  th a t  
th e  g e n e ra l ro le  of an tib io tic  p ro d u c tio n  is  to  p re v e n t  th e  in v asio n  of 
th e  ly s in g  s u b s tr a te  mycelium b y  m icroorganism s su ch  as  bacilli (C h a ter, 
1984). The p ro d u c tio n  of a n tib io tic s  does n o t alw ays accom pany  th e  
m orphological developm ent of S tre p to m y c e s , fo r  exam ple, S. rim osus  
p ro d u c e s  OTC on L -a g a r  p la te s , b u t  does n o t s p o ru la te , w hile 
sp o ru la tio n  b u t no t an tib io tic  p ro d u c tio n  o c cu rs  on p la te s  c o n ta in in g  
try p to n e  soya  a g a r  (TSB, co n ta in in g  2% {w/v} a g a r)  (H u n te r, p e rs .
comm.). In  soil, an tib io tic  p ro d u c tio n  may n o t be n e c e s sa r ily  a  
p re lu d e  to  th e  m orphological developm ent of S trep to m yces . When g ro w th  
is  lim ited b y  low levels  of p h o sp h a te , th e  ro le  of o x y te tra c y c lin e  may 
be to  k ill o th e r  m icroorganism s, re su lt in g  in  th e  re le a se  of 
c a tab o lite s , in c lud ing  p h o sp h a te , w hich could  be u se d  to  s u s ta in  th e  
g ro w th  of th e  p ro d u c in g  organism .
CHAPTER 6
THE SPHLurSSTLn  REGION: NUCLEOTIDE SEQUENCE 
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6.1 In tro d u c tio n
The 965bp Sphli2-SsH i3  f rag m e n t lie s  w ith in  th e  5.5kb P sfts -  
P s tIi8 segm en t o f DNA, w hich com plem ents th e  otcX20  m utation  (F ig u re
6.1) (B u tle r e t  al., 1989). The otcX  c lass  of m u ta n ts  along w ith  two o th e r  
c la sse s , o tc Y  a n d  otcZ, a re  b locked in  th e  b io sy n th e s is  of OTC b e fo re  
th e  form ation  of 4 -am in o -a n h y d ro te tra c y c lin e  (R hodes e t  a l., 1981).
The o tc Y  m u tan ts  a re  b locked  p ro b a b ly  in  th e  e a r lie s t  s te p s  of 
OTC b io sy n th e s is , a s  th e  DNA w hich com plem ents th e  otcY90  m u tan t h a s  
homology w ith  re g io n s  of th e  a c tin o rh o d in  c lu s te r  th a t  encode fu n c tio n s  
invo lved  in  s y n th e s is  of th e  p o ly k e tid e  b ack b o n e  an d  i ts  cy c lisa tio n  to  
form  th e  isochrom anequ inone n u c leu s  (see  S ec tion  1.14; B u tle r e t  al., 
1990). C o n sis ten t w ith  th is  p ro p o sa l, m u ta n ts  in  th e  c lass  r e p re s e n te d  b y  
otcY90  w ere  pale  an d  n o n -p ig m en ted , w hile m any of th e  in te rm e d ia te s  
an d  s h u n t  p ro d u c ts  of th e  pa th w ay  a re  h ig h ly  co loured  (H un ter, p e rs . 
comm.).
The position  of th e  o tc Z lS l  m utation  h as b een  m apped close to  th e  
" le ft"  of th e  PstL8 s ite  (B u tler e t al., 1989). S eq u encing  of th e  BcRs- 
Smala reg io n  (C h ap ter 4), w hich in c lu d es  th e  PstLs s ite , id e n tif ie d  a  
p o te n tia l p ro te in  coding  reg io n  (PPCR). The p re d ic te d  p ro d u c t of th e  
otcZ  gene  h as h ig h  seq uence  id e n tity  to  a  m e th y ltra n s fe ra se  from  bov ine  
p in ea l g lan d s  (Ish id a  e t al., 1987) an d  a  p re d ic te d  gene p ro d u c t  from  
th e  reg io n  of th e  te tracen o m y cin  c lu s te r  of S. g la u cescen s , w hich 
com plem ents tc m ll  and  tcm V  m u tan ts  th a t  accum ulate  C-3 dem ethy l 
in te rm ed ia te s  (H utchinson p e rs . comm.). I t  is  p o ssib le , th e re fo re , th a t  th e  
otcZ151 m utation  b locks th e  m ethy lation  of C-6 in  th e  te tra c y c lic  n u c leu s  
to  form  6 -m e th y lp re te tram id  (6-MPT) (see  S ection  4.2.3.2).
As th e  o tc Y  and  otcZ  m u tan ts  h av e  b een  a ss ig n e d  p ro v is io n a lly  
to  s ta g e s  b e fo re  th e  form ation of 6-MPT, th e  otcX20  m u tan t would 
a p p e a r  to  be b locked  in  one of th e  following; (i) C-4 h y d ro x y la tio n  to  
form  4-hydroxy-6M PT, (ii) C-6 ox idation  to  form  4 -k e to -  
a n h y d ro te tra c y c lin e  (4-amino-ATC) o r (iii) C-4 tran sam in a tio n  to  form  4 - 
keto-ATC (see Section 1.14).
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I t  h as n o t y e t  p ro v e n  p o ssib le  to  com plem ent th e  otcX20  m utation  
w ith  su b c lo n es  of th is  P s tI f rag m e n t (B u tle r e t  al., 1990). The 5 ' end  of 
th e  otcZ  s t r u c tu r a l  gene  lies a t  th e  ex trem e " le ft"  of th e  PstLs-PstLis 
reg io n  (F ig u re  6.1). The otcC  g ene , w hich en codes th e  
a n h y d ro te tra c y lc in e  (ATC) oxygenase , is  lo ca ted  b e tw een  th e  Sphli2  an d  
Smal9 r e s tr ic t io n  s ite s  (B innie e t  ah, 1989; S ec tion  4.1). As th e  otcX20  
m u tan t can  p ro d u c e  OTC in  c o sy n th e s is  te s t s  w ith  th e  o tc Z l51 m u tan t 
(Rhodes e t  a l., 1981) an d  m uta tions in  th e  otcC  gene  would be b locked  in  
th e  co n v ers io n  of a n h y d ro te tra c y c lin e  to  d e h y d ro x y te tra c y c lin e , th e  
location of th e  otcX20  m utation  can  be delim ita ted  to  th e  reg io n  
betw een  th e  SphLi2 an d  P sth s  s ite s  (F ig u re  6.1).
In te re s t in g ly , th e  SphLi2-SstLi3 f ra g m e n t w ith in  th e  5.5kb PsfL 
reg io n  h a s  b een  show n to  h y b rid ize  a t  h ig h  s tr in g e n c y  w ith  a  1.15kb 
P stL -B g lll  f rag m e n t from  th e  a c t  Fa reg io n  of th e  a c tin o rh o d in  c lu s te r  of 
S. coelicolor  A3(2) (B u tle r e t  al., 1990; B u tle r p e rs . comm.). The actVa 
reg io n  (F ig u re  6.2) is  th o u g h t to  encode fu n c tio n s  invo lved  in  th e  
h y d ro x y la tio n  of th e  isochrom anequ inone n u c leu s . The in tro d u c tio n  of 
th e  actVa re g io n  in to  th e  m ederm ycin p ro d u c e r , S tre p to m y c e s  AM-7161, 
on lo w -co p y -n u m b er v e c to rs  (F ig u re  6.2) led  to  th e  p ro d u c tio n  of a  
h y d ro x y la ted  form  of m ederm ycin, called  m ed errh o d in  A (Hopwood e t al., 
1985b). A m u tan t in  th e  actVa c la ss  h as  b een  show n a lso  to  accum ulate  
ka laf u n g in , w hich lack s  th e  c o rre sp o n d in g  h y d ro x y l g ro u p  th a t  is  
p re s e n t  norm ally on a c tin o rh o d in  (Cole e t  al., 1987). T aking  all th is  
ev idence  in to  acco u n t, i t  could  be d ed u ced  th a t  th e  otcX20  m u tan t may 
be b locked  in  th e  C-4 h y d ro x y la tio n  of 6-MPT. I t  is  p o ssib le , th e re fo re , 
th a t  th e  h y b rid iza tio n  betw een  th e  965bp S p h li2 -S stli3  f rag m e n t from  
th e  o tcX  reg io n  an d  th e  1.15kb P stL -B g lll f ra g m e n t from  th e  actVa 
reg io n  is due to  a  segm en t of DNA, w hich  en co d es  a  common fu n c tio n  
(p o ssib ly  h y d ro x y la tio n ), w hich is  n e c e s sa ry  fo r  th e  b io sy n th e s is  of 
b o th  o x y te tracy c lin e  an d  ac tin o rh o d in . The 1.15kb P stL -B g lll  frag m en t 
from  th e  actVa reg io n  h a s  no t y e t been  seq u e n c ed  com pletely  (C aballero, 
p e rs . comm.).
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otdL otcC lkb
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F ig u re  6.1. The o tc X  re g io n  of th e  o x y te tra c y c lin e  c lu s te r .  T h e  h a tc h e d  
boxes < E Z P  in d ic a te  th e  PPCRs of otcC  (B u tle r, u n p u b lis h e d  w o rk ) a n d  
o tcZ  (C h a p te r  4). A b b re v ia tio n s : K, K pnl; P, PstL; S, S a cI; Sm, Smal;
S p, S p h l.
OtcX.■
B P B B P Bg BP PB P PB B BgBgB B Bg PBgP E B BBgB P 8
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F ig u re  6.2. P h y sica l an d  g e n e tic  o rg a n is a tio n  o f th e  a c t  c lu s t e r  in  S. 
co elico lo r  A3(2). The c lo sed  box ( |H )  in d ic a te s  th e  lo ca tio n  o f th e  
f ra g m e n t in  th e  actVa re g io n , w hich  h y b r id iz e s  w ith  th e  965bp S p h l-S s tL  
f ra g m e n t in  th e  o tcX  re g io n  of S. r im o su s  (B u tle r, u n p u b lis h e d  w ork), 
(i) R e s tr ic tio n  map of th e  a c t  re g io n  (from  M alpartida  a n d  Hopwood,
1984). (ii) The p o s itio n s  of th e  cod in g  re g io n s  of th e  a c t  g e n e s  a n d  th e  
e x p e c te d  lim it of th e  a c t  c lu s te r  (bold  lin e , — ) w ere  d e te rm in e d  b y  th e  
com plem en ta tion  of m u ta tions u s in g  seg m e n ts  of th e  c lu s te r  c lo n ed  on 
p lasm id  v e c to r s  (M alpartida  an d  Hopwood, u n p u b lish e d  r e s u l t ) ,  (iii) The 
lin e s  ( |— —| ) show th e  e x te n t of DNA fra g m e n ts  th a t  r e s u l te d  in  th e  
h y d ro x y la tio n  of m ederm ycin  w hen in tro d u c e d  in to  S tr e p to m y c e s  AM-7161 
on lo w -c o p y -n u m b e r v e c to rs  (Hopwood e t  al., 1985). A b b re v ia tio n s : B, 
BamBl; Bg, BgRl; R, FcoRV; P, PstL. M odified from Hopwood e t al., (1986).
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T he SpMi2-SsfcIi3 frag m e n t w as seq u en ced  p rin c ip a lly  to  allow th e  
o rie n ta tio n  of th e  Sau3AI in s e r ts ,  w hich  w ere  cloned  in  th e  xyIE -
p o s itiv e  tra n s fo rm a n ts  a n d  d e sc r ib e d  in  C h ap ter 5. I t  w as hoped , 
how ever, th a t  th e  com parison  of p re d ic te d  gene  p ro d u c ts  of PPCR(s) in
th e  S p h l-S s t I  f rag m e n t to  e n tr ie s  in  th e  N B RF-protein and- GenBank
d a ta b a se s  would id e n tify  s im ila ritie s  to  p o ly p ep tid e s  w ith  know n
fu n c tio n s , p e rh a p s  confirm ing  th e  ro le  of th is  reg io n  in  h y d ro x y la tio n .
6.2 R esu lts
6.2.1 DNA S eq u en cin g  of th e  SptiL -SstL  Region
The seq u en c in g  s t r a te g y  fo r  th e  Sphli2-Sstli3  re g io n  (F ig u re  
6.3) w as sim ilar to  th a t  u se d  fo r  th e  otcZ  gene (S ection  4.2.2). The 
965bp SphLi2-S sfL i3 f rag m e n t from  pPFZ105 was lig a ted  to  s im ila rly - 
d ig e s te d  M13mpl8 an d  M13mpl9 (Y an isch -P erro n  e t  al., 1985) an d
in tro d u c e d  in to  E. coli TGI b y  g en e tic  tran sfo rm a tio n  (S ec tion  2.2.12). 
S in g le -s tra n d e d  DNA w as th e n  iso la ted  from  M13 p h a g e s , w hich  
co n ta in ed  recom binan t DNA m olecules (S ection  2.3.16). Taq po lym erase , a s  
su p p lied  in  th e  TAQuenase™ k it  b y  USB (Section  2.3.17), w as u se d  to  
seq u en ce  th e  s in g le -s tra n d e d  tem p la tes  mKM810 an d  mKM910, w hich  w ere  
d e riv e d  from  th e  in se r tio n  of th e  S p h l-S s tL  frag m en t in to  M13mpl8 an d  
M13mpl9 re sp ec tiv e ly . N ucleotide mixes co n ta in in g  7 -deaza-dG T P  
(M izusawa e t al., 1986) w ere  u sed  to  minimise th e  form ation  of s e c o n d a ry  
s t r u c tu r e  in  th e  ex tension  p ro d u c ts , w hich would lead  to  b an d  
com pressions in  th e  seq u en c in g  la d d e rs . As th e  s ta n d a rd  se q u e n c in g  
la d d e rs  could  only  be re a d  fo r  a ro u n d  350nt, o lig o n ucleo tides w ere  
sy n th e s iz e d  and  u sed  as  p rim ers  to  ex ten d  th e  sequence .
The S p h li2 b o u n d a ry  w as seq u en ced  from  b o th  s t r a n d s  u s in g
th e  tem p la tes , mL6A and  mL6C, an d  o ligonucleo tides, C64 a n d  X84, w hich
w ere  u se d  to  map th e  5’ te rm in i of th e  d iv e rg e n t t r a n s c r ip ts  (S ec tion
5.2.4.1). S equencing  of th e  Sau3AI in s e r t  from  th e  pIJ2843 c o n s t r u c t  in  
iso la te  15 (tem plates mKM8X15 an d  mKM9X15) sp an n ed  th e  S s t I13 s ite .
In  to ta l, 1166bp was seq u en ced  betw een  th e  an n ea lin g  s ite  of 
oligo. C64 (114bp to  th e  le f t  of th e  S p h li2 s ite ) and  th e  Sau3AIg s ite
(87bp to  th e  r ig h t  of th e  S s t l i3 s ite ). O ver 85% of th e  DNA w as
seq u en ced  on bo th  s tra n d s . The seq u en ce  was determ ined  u n am b ig u o u sly  
in  th e  reg io n s , w hich w ere seq u en ced  from  only  one s tra n d .
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F ig u re  6.3. S t r a te g y  u s e d  to  se q u e n c e  th e  965bp S p h lu -S s tL n  
Region. The lin e s  ( |——)) in d ic a te s  th e  re g io n  of DNA c lo n ed  in 
th e  M13 c o n s tru c ts .  T he a rro w s  (o— »>) show  th e  d ire c tio n  and  
e x te n t of th e  n u c leo tid e  seq u en ce  a n a ly s is . The o lig o n u c leo tid e s  
u se d  to  prim e th e  ex ten s io n  re a c tio n s  a r e  g iv en  ab o v e  th e  a rro w s . 
A b b rev ia tio n s: UP, u n iv e rs a l  (-20) p r im e r ; o ligo ., o lig o n u c leo tid e .
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The a v e ra g e  mol G+C com position of th is  re g io n  is  72.0%. The a n n o ta ted  
seq u en ce , in c lu d in g  th e  p re d ic te d  amino acid  seq u e n c es  of p o ten tia l 
p ro te in  coding  re g io n s , p o ten tia l ribosom e b in d in g  s ite s , th e  
o ligonucleo tides u se d  to  prim e th e  seq u e n c in g  re a c tio n s  an d  th e  
r e s tr ic t io n  s ite s  r e f e r r e d  to  in  th e  te x t a re  show n in  F ig u re  6.4.
6.2.2 F e a tu re s  of th e  N ucleotide S equence
The 1166bp re g io n  co n ta in in g  th e  SphL-SstL  f rag m e n t w as an a ly sed  
p rim arily  u s in g  th e  "S eq u en ce  A nalysis S oftw are  Package" (V ersion 6.2) 
from  th e  G enetics C om puter Group a t  th e  U n iv e rs ity  of W isconsin 
(UWGCG). The in d iv id u a l UWGCG p ro g ram s h av e  b een  d e sc r ib e d  a lre a d y  
(S ection  4.2.3) an d  th u s ,  will n o t be  d isc u sse d  in  d e ta il w ith in  th is  
sec tion . .
The seq u en ce  w as a n a ly se d  fo r p o te n tia l p ro te in  cod ing  re g io n s  
(PPCRs) u s in g  th e  p ro g ram  FRAME (Bibb e t  al., 1984). A n o n -ran d o m  
d is tr ib u tio n  of G+C n u c leo tid es  was d e te c te d  in  th re e  d if fe re n t segm en ts  
of th e  1166nt seq u en ce  (F ig u re  6.5). A nalysis  of th e  seq u en ce  fo r  
u n eq u a l u sag e  of synonym ous codons u s in g  th e  UWGCG p ro g ram  
TESTCODE also in d ica ted  th a t  th e  same re g io n s  encoded  p ro te in s  ( r e s u lt  
no t show n). A nalysing  th e  seq u en ce  from  th e  an n ea lin g  s ite  of oligo. 
C64, th e  FRAME p lo ts  w ere  d iv e rse  im m ediately. By nu c leo tid e  p o sition  
100, th e  p lo ts  had  co n v e rg ed  to  a ro u n d  68% mol G+C, su g g e s tin g  th a t  a  
PPCR was p re s e n t  a t  th e  extrem e le f t  of th e  seq u en ce . T his PPCR 
c o rre sp o n d s  to  th e  5’ en d  of th e  otcC  gene  (S ection  4.1) (B innie e t aL,
1989). A p o ten tia l ribosom e b in d in g  s ite  (GAGGAG) w ith  a  h ig h  d e g re e  of 
com plem entarity  to  th e  3* end  of th e  16S rRNA from  S. liv id a n s  
(seq u en ced  by  Bibb and  Cohen, 1982) w as lo ca ted  5 n t u p s tre am  of th e  
AUG s t a r t  codon (69-67nt) fo r  otcC, w hich  is  in  nu c leo tid e  fram e N2< 
(F ig u re  6.5). The p re d ic te d  amino acid  seq u en ce  from  th e  5* e n d  of otcC  
is  in  com plete ag reem en t w ith  th e  seq u en ce  o b ta in ed  from  th e  amino 
te rm in u s  of th e  gene p ro d u c t, ATC oxygenase  (B innie e t al., 1989).
From base position  100, th e  FRAME p lo ts  d iv e rg e  once more. The 
th in  line plot, w hich commences from b ase  1 f lu c tu a te s  a ro u n d  70% a n d  
th u s , c o rre sp o n d s  to  th e  f i r s t  position  of th e  codons in th is  PPCR.
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oligo C64 Sau3AI
7GGCACCGGCCAGGCGCAG7TCGCAGGCGAGCA7CAGGCCGG7CGGCCCGGCGCCGGCGA
------------- +--------------i-------------- -i--------------     + 60
ACCGTGGCCGGTCCGCGTCAAGCGTCCGCTCGT AGTCCGGCCAGCCGGGCCGCGGCCGCT 
A la G ly A la L e u A rg L e u G lu C y s A la L e u M e tL e u G ly T h rP ro G ly A la G ly A la
  Sau3AI Sphl
TCACCACGTCGTACCGCATACACGCTCCTCGGATCATCAGTGGGTTGCCGCCGAGCATGC
AGTGGTGCAGCATGGCGTATGTGCGAGGAGCCTAGTAGTCACCCAACGGCGGCTCGTACG ^
IleValValAspTyrArgMet • • • • • •   *
otcC RBS otcCpl
TGACCGCGGGCA7TAAAGGCGCCGTCCAGCCGGAATCCGGAGCGGG7GGC7CGAAGTGTG
ACTGGCGCCCGTAATTTCCGCGGCAGGTCGGCCTTAGGCCTCGCCCACCGAGCTTCACAC
. „ . RBS otcX PPCR1
otcXpl^ Aval..... MetPro
CTCGAAGCGGGCTTCGTAGCG7GGCCGCGACCCTACGGACCCCGAGGACGCTTCATGCCG • •
GAGCTTCGCCCGAAGCATCGCACCGGCGCTGGGATGCCTGGGGCTCCTGCGAAGTACGGC
PheT hrG lnLysG lulleThrTyrLeuA rgA laG lnG lyTyrG lyA rgLeuA laThrV al 
TTCACCCAGAAGGAAATCACCTACCTGCGCGCGCAGGGCTACGGCCG7CTGGCGACGG7C
241  +-----------------+-----------------n------------------  ^    + 300
AAG7GGG7C77CCT77AG7GGA7GGACGCGCGCG7CCCGA7GCCGGCAGACCGC7GCCAG
Sau3AI
G 1yAlaH isG lyG luProH isAsnValProValSerPheG luTTeAsDG luG luArgG l y 
GGCGCCCA7GGAGAACCCCACAACG7GCCCG7C7CG77CGAGA7CGACGAGGAGCGCGGC
301  + -------   +------------------ +-----------   h------------------- + +  360
CCGCGGG7ACC7C77GGGG7G77GCACGGGCAGAGCAAGG7nTAGfiTr!r.Trr:Trnrr;rrn 
oligo. X84
F ig u re  6.4. A nno ta ted  seq u en ce  of th e  965bp SpM i2-Ss£Ii3 reg io n . The 
p re d ic te d  amino acid  seq u en ce  of o tcX  PPCR1 an d  PPCR2 a re  show n 
ab o v e  th e  c o rre sp o n d in g  nucleo tide  seq u e n c es . Also in d ica ted  a re  th e  
n u c leo tid es  in c o rp o ra te d  in to  th e  p rim e rs  u sed  to  f u r th e r  th e  
seq u e n c e , p o ssib le  ribosom e b in d in g  s i te s  (RBS) fo r otcC, o tcX  PPCR1 
a n d  PPCR2 and  th e  tra n s c r ip tio n  s ta r t  p o in ts  fo r  o tcC pl and  ofcc-Ypl. F o r 
c la r i ty , o n ly  r e s tr ic t io n  s ite s  r e f e r r e d  to  in  th e  te x t a re  in d ica ted . 
C on tinued  on p a g es  181 and  182.
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SauZAl
T h r l l  eG1 u l 1 eThrGl yArgAspMatGl yArgSerArgLysPheArgAsnVal AlaLys 
ACCATCGAGATCACCGGCCGGGACATGGGCCGCAGCCGCAAGTTCCGGAACGTGGCGAAG
361   + - ---------------- H--------------------*»------------------- *•------------------- +  4 2 0
TGGTAGCTCTAGTGGCCGGCCCTGTACCCGGCGTCGGCGTTCAAGGCCTTGCACCGCTTC
Aval
AsnAspArgVal Al aPheVal Val AspAspVal ProCysArgAspProGI uVal Val Arg 
AACGACCGGGTCGCCTTCGTCGTGGACGACGTGCCGTGCCGCGACCCCGAGGTGGTCCGC
421----   h---- --------------+ ------------------H-------------------- 1----------------- -H-------------------+  4 8 0
TTGCTGGCCCAGCGGAAGCAGCACCTGCTGCACGGCACGGCGCTGGGGCTCCACCAGGCG
A laV alV allleH isG l yThrAlaGlnATaLeuProThrGlyGl yArgGluArgArgPro 
GCCGTCGTCATCCACGGCACGGCCCAGGCGCTGCCCACCGGCGGCAGGGAGCGCCGGCCG
481 ------------------ h-------------------H------------------- H------------------- H--------------------1------------------- +  540
CGGCAGCAGTAGGTGCCGTGCCGGGTCCGCGACGGGTGGCCGCCGTCCCTCGCGGCCGGC
5au3A l
H i sCy sA 1 aAspGl uMetl 1 eArgl 1 eH i sProA rgA rgll eValThrTrpGl y IT eG1 u 
CACTGCGCCGACGAGATGATCCGCATCCACCCCCGGCGCATCGTCACCTGGGGCATCGAA
541 ------------------- 1-------------------n------------------- H------------------- «•-------------------- i-------------------+  600
GTGACGCGGCTGCTCTACTAGGCGTAGGTGGGGGCCGCGTAGCAGTGGACCCCGTAGCTT
BBS
• • • • • •  M
GlyAspLeuSerThrGlyValHisAlaArgAspIleThrAlaGluAspGlyGlyArgArg
GGGGACCTGTCCACCGGGGTCCACGCACGCGACATCACGGCCGAGGACGGAGGACGGCGA
CCCCTGGACAGG7GGCCCCAGGTGCGTGCGCTGTAGTGCCGGCTCC7GCCTCCTGCCGCT 
otcX PPCR2
etArgGl uLeuProGl uPheProTrpAspVal LeuLeuProTy rLysLysArgAl aAl aA 
End
TGAGGGAAC7GCCCGAATTTCCGTGGGATGTGCTGCTGCCGTACAAGAAGCGCGCCGCGG
661  + -------------------i-------------------+-------------------•«--------------------1   +  720
ACTCCC7TGACGGGCTT AA AGGCACCCT ACACGACGACGGCATGTTCTTCGCGCGGCGCC
1 aH i sProAspGl y Leu Val AsnLeuAl aLeuGI yGI uProVal G1 uA 1 aThrProAspV 
CCCACCCCGACGGGCTGGTCAACCTGGCGCTGGGCGAACCGGTCGAAGCCACGCCCGACG
GGGTGGGGCTGCCCGACCAGTTGGACCGCGACCCGCTTGGCCAGCTTCGGTGCGGGCTGC
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a 1 Leu A r gAs p A1 aLeu A1 aA 1 aA 1 aTh rAspA 1aP roG1yTy rP roP roTh rG1uG1yT
tgctgcgcgacgccctcgcggcggcgaccgacgcgcccggctacccgcccacggagggga .
ACGACGCGCTGCGGGAGCGCCGCCGCTGGCTGCGCGGGCCGATGGGCGGGTGCCTCCCCT
841
901
hrProGlyLeuArgGluAlaAlaAlaAlaTrpLeuArgArgArgLeuGlyValThrValA
CGCCCGGCCTCCGCGAAGCGGCCGCCGCATGGCTGCGCCGCCGCCTGGGCGTGACGGTGG
------- 1-----------------+---------------- 1-------------:----1-----------------H-----------------
GCGGGCCGGAGGCGCTTCGCCGGCGGCGTACCGACGCGGCGGCGGACCCGCACTGCCACC
Sau3A I
spProSerAlaValLeuProAlaValGlyThrLysGluLeuneAlaTrpLeuProAlaH
ACCCCTCGGCCGTACTGCCCGCGGTCGGCACCAAGGAGCTGATCGCCTGGCTCCCGGCGA
TGGGGAGCCGGCATGACGGGCGCCAGCCGTGGTTCCTCGACTAGCGGACCGAGGGCCGCT
etLeuGlyThrGlyProGIyAspThrValAlaPheProArgLeuAlaPheProThrPheA 
TGCTGGGCACCGGCCCCGGCGACACGGTGGCCTTTCCCCGGCTGGCGTTTCCCACCTTCG
ACGACCCGTGGCCGGGGCCGCTGTGCCACCGGAAAGGGGCCGACCGCAAAGGGTGGAAGC
SstI
spValSerA1aArgLeuA1aGlyA1aArgGlyArgProValAspSerProLeuGluLeuG 
ACGTCAGCGCGCGCCTCGCGGGCGCGCGGGGGCGCCCGG7GGATTCACCGCTGGAGCTCG
7GCAG7CGCGCGCGGAGCGCCCGCGCGCCCCCGCGGGCCACC7AAG7GGCGACC7CGAGC
TySerGluProValLysValValTrpLeuAsnSerProSerAsnProGluGlyArgValL 
GCAG7GAACCGG7CAAGG7GG7C7GGC7CAAC7CGCCG7CCAACCCGGAGGGCCGGG7GC
CG7CAC77GGCCAG77CCACCAGACCGAG77GAGCGGCAGG7TGGGCC7CCCGGCCCACG
A val 5au3AI
euSerValProGluLeuArgGlulle 
7G7CCG7ACCCGAGC7GCGCGAGA7C
ACAGGCA7GGGC7CGACGCGC7C7AG
8 4 0
90 0
960
1020
1080
1140
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The b ead ed  line ( - • - )  o r ig in a tin g  from  b a se  2 re a c h e s  an  a v e ra g e  G+C 
com position of 50% by  b ase  p o s itio n  200 an d  th u s , c o rre sp o n d s  to  th e  
second  codon position . S im ilarly , th e  h e av y  line  from  b ase  3, w hich 
f lu c tu a te s  a ro u n d  95%, c o rre sp o n d s  to  codon  position  3. T hu s, th e  o p en  
re a d in g  fram e fo r  otcX  PPCR1 is  t r a n s la te d  from  le f t  to  r ig h t  in  
nu c leo tid e  fram e 1 (Nl>), w hich is  d iv e rg e n t  to  otcC.
The AUG codon a t  b ase  p o sitio n  235 is  p ro b ab ly  th e  tra n s la t io n  
s t a r t  codon fo r otcX  PPCR1, a s  i t  is  w ith in  th e  re g io n  of p lo t
d iv e rg e n ce  an d  i t  is  p re c e d e d  b y  a  p o te n tia l ribosom e b in d in g  s ite  
(GAGGA), w hich is  located  6 n t u p s tream . PPCR1 en d s  a t  b a se  p o s itio n  663 
w ith  a  UGA codon. As ex p ec ted  fo r  a  gene  from  S trep to m y c es , o tcX
PPCR1 h as  a n  av e rag e  mol G+C d is tr ib u tio n  in  th e  f i r s t ,  seco n d  an d  
th ir d  codon positio n s  of 69.9%, 49.0% an d  92.3% re sp e c tiv e ly . In
acco rd an ce  w ith  th e  a ss ig n m en t of PPCR1 to  th e  reg io n  b e tw een  b ase  
po s itio n s  235 an d  663, th e  FRAME p lo ts  s t a r t  to  co n v erg e  a ro u n d  b ase  
p o sitio n  500. The FRAME p lo ts  do n o t f lu c tu a te , how ever, a ro u n d  70% 
mol G+C com position, in s te a d  th e y  d iv e rg e  once more. The th in  lin e  p lo t, 
w hich commences from b ase  1, re a c h e s  a  position  w ere  i t  f lu c tu a te s  
a ro u n d  50% mol G+C com position, s u g g e s tin g  th a t  i t  c o rre sp o n d s  to  th e  
second  codon position  of a n o th e r  PPCR. The f i r s t  codon p o s itio n  w as 
a ss ig n e d  to  th e  h eav y  line p lo t o rig in a tin g  from b ase  3, a s  i t  f lu c tu a te s  
a ro u n d  75%. Sim ilarly th e  bead ed  lin e  ( - • - )  from b ase  2 f lu c tu a te s
a ro u n d  90% mol G+C com position an d  w as a ss ig n e d  to  th e  th i r d  codon 
position . The open read in g  fram e fo r o tcX  PPCR2 is  tra n s la te d , th e re fo re , 
from  le f t  to  r ig h t  in  nucleo tide  fram e N>3.
W ithin th e  reg ion  of p lo t d iv e rg e n c e  (base  p o sition  600-700) an  
AUG codon (660-662) and  a  GUG codon (690-692) w ere located  w ith in  N>3. 
The tra n s la t io n  s ta r t  codon of otcX  PPCR2 w as a ss ig n e d  to  th e  AUG 
codon as  i t  was p reced ed  (6n t u p s tream ) b y  a  reaso n ab le  RBS (GGAGG). 
The GUG codon was no t p re c ed e d  b y  a  seq u en ce  w ith  s ig n if ic a n t 
com plem entarity  to  th e  3* end  of 16S rRNA from  S. liv id a n s  (B ibb an d  
Cohen, 1982). PPCR2 does no t co n ta in  an  infram e s to p  codon. T his 
incom plete PPCR has a  ty p ica l a v e ra g e  mol G+C com position in  th e  f i r s t ,  
second  an d  th ird  codon positions of 77%, 54.2% and  90.5% re sp e c tiv e ly .
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F ig u re  6.5. FRAME p lo t .(Bibb e t  al., 1984) of th e  965bp SpM i2-SstIi3
re g io n  u s in g  a "w indow ” of 50 t r ip le ts .  The th in  line  p lo t (---- )
r e p r e s e n ts  th e  f i r s t  t r ip le t  p o s itio n  a n d  its  a sso c ia te d  re a d in g  fram es 
(Nl> an d  N<2); th e  b ead ed  line  ( - • - )  r e p re s e n ts  th e  seco n d  t r ip le t  
p o s itio n  an d  its  a sso c ia te d  re a d in g  fram es (N2> a n d  N3<) an d  th e  h e av y  
line  (— ) in d ica te s  th e  th i r d  t r ip le t  p o s itio n  a n d  i t s  a s so c ia te d  re a d in g  
fram es (N>3 and  Nl<). Sym bols > a n d  < in d ica te  AUG codons in  th e  
fo rw a rd  an d  re v e r s e  fram es re sp e c tiv e ly . Sym bols > a n d  ■< in d ic a te  
GUG codons and  th e  sym bol | in d ic a te s  s to p  codons.
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The p u ta tiv e  AUG s t a r t  codon (660-662) fo r  PPCRZ o v e rla p s  w ith  
th e  UGA s to p  codon (661-663) fo r  PPCR1_, I t  is  p o ssib le , th e re fo re , th a t  
PPCR1 an d  PPCR2 a re  tra n s la t io n a lly  coup led  sim ilar to  th o se  fo u n d  in  a  
v a r ie ty  of p ro k a ry o tic  o p e ro n s  (Zalkin an d  Ebbole, 1988; Harms e t  al,,
1988). S uch  an  a rra n g e m e n t w ould fa c ilita te  th e  s y n th e s is  of p ro te in s  
encoded  b y  PPCR1 an d  PPCR2 in  sto ich iom etric  am ounts. The p ro d u c ts  
of th e se  PPCRs could be  com ponents of a  m u lti-p ep tid e  complex. The 
tra n s la t io n  in itia tio n  of o tcX  PPCR1 an d  PPCR2 is  c o n s id e re d  f u r th e r  in  
C h ap te r 7.
6.2.3 A nalysis o f th e  D educed Amino Acid S eq u en ce  o f PPCR1 a n d  PPCR2
The p re d ic te d  g ene  p ro d u c t  of PPCR1 is  com posed of 142 amino
ac id s  an d  has a  ca lcu la ted  Mr of 15,851. The incom plete PPCR2 encodes
169 amino acids. C om parison of th e  codon u sag e  in  PPCR1 a n d  PPCR2 
w ith  a  codon p re fe re n c e  ta b le  com piled from  63 s tre p to m y c e te  g enes 
(Bibb, u n p u b lish e d  data) re v e a le d  th a t  th e  b ia sed  u sag e  of synonym ous 
codons w ith in  th e  PPCRs of otcX  was in  a cco rd an ce  w ith  th e  codon 
p re fe re n c e s  o b se rv ed  fo r  o th e r  S tre p to m y c e s  g en es  (F ig u re  6.5).
In  an  a ttem p t to  de term ine  th e  p o ssib le  fu n c tio n s  of th e
p o ly p ep tid e s  encoded  in  th e  1166bp re g io n  co n ta in in g  th e  Sphlvz- Ssil-i3  
frag m en t, th e  p re d ic te d  amino acid  seq u en ces  w ere com pared  w ith  th e  
e n tr ie s  in  th e  N B R F-protein d a tab ase  (R elease 25, Ju n e  1990) an d  th e  
GenBank d a tab ase  (Release 60, Ju n e  1989) u s in g  th e  UWGCG p ro g ram s 
WORDSEARCH/SEGMENTS a n d  TFASTA. No s tr ik in g  s im ila ritie s  w ere  found .
6.2.4 Location of th e  DNA elem ents from  th e  S p h l-S s tL  re g io n  w hich
d ire c t  tra n s c r ip t io n  of x y lE  in  pIJ2843 C o n s tru c ts
In  th e  p rev io u s  c h a p te r , th e  P stIs-18 reg io n  w as d ig e s te d '
p a r tia lly  w ith .Sau3AI, lig a te d  w ith  th e  p ro m o te r-p ro b e  v e c to r  pIJ2843, 
w hich had  been  d ig e s ted  w ith  BanMly an d  th e n  in tro d u c e d  in to  S. 
liv id a n s  TK54 by  genetic  tran sfo rm a tio n . S ev e ra l tra n s fo rm a n ts  co n ta in ed  
recom binan t v e c to rs  w ith  in s e r ts  from th e  S p h l-S s tL  reg io n , w hich  w ere 
cap ab le  of d ire c tin g  tra n s c r ip t io n  of th e  x y lE  r e p o r te r  gene.
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(A) BIBB TABLE
T C A G
F TTT 0.04 s TCT 0.06 Y TAT 0.11 C TGT 0.10 T
T F TTC 2.89 s TCC 2.11 Y TAC 2.22 C TGC 0.69 C
L TTA 0.02 s TCA 0.15 * TAA 0.01 * TGA .0.26 A
L TTG 0.26 s TCG 1.40 * TAG 0.05 W TGG 1.55 G
L CTT 0.22 p CCT 0.18 H CAT 0.16 R CGT 0.51 T
C L CTC 3.52 p CCC 2.36 H CAC 2.33 R CGC 3.74 C
L CTA 0.03 p CCA 0.07 Q CAA 0.18 R CGA 0.32 A
L CTG 5.08 p CCG 2.87 Q CAG 2.45 R CGG 2.96 G
I ATT 0.14 T ACT 0.14 N AAT 0.10 S AGT 0.14 T
G I ATC 3.07 T ACC 4.49 N AAC 2.35 S AGC 1.46 C
I ATA 0.10 T ACA 0.15 K AAA 0.12 R AGA 0.10 A
M ATG 1.55 T ACG 1.99 K AAG 2.29 R AGG 0.46 G
V GTT 0.27 A GCT 0.38 D GAT 0.27 G GGT 0.74 T
A V GTC 4.40 A GCC 7.77 D GAC 6.16 G GGC 0.74 C
V GTA 0.16 A GCA 0.55 E GAA 1.11 G GGA 0.85 A
V GTG 3.08 A GCG 4.39 E GAG 4.83 G GGG 1.70 G
(B) OTCX PPCR1 (C) OTCX PPCR2
T C A 0 J
F TTT 1.79 s TCT 0.00 Y TAT 0.00 C TGT 0.00 T
T F TTC 0.60 s TCC 1.19 Y TAC 1.19 C TGC 0.00 C
L TTA 0.00 s TCA 0.60 X TAA 0.00 X TGA 0.00 A
L TTG 0.00 s TCG 1.19 X TAG 0.00 w TGG 2.38 G
L CTT 0.00 p CCT 0.00 H CAT 0.00 R CGT 0.00 T
C L CTC 3.57 p CCC 7.14 H CAC 0.60 R CGC 3.57 C
L CTA 0.00 p CCA 0.00 Q CAA 0.00 R CGA 0.00 A
L CTG 9.52 p CCG 5.95 Q CAG 0.00 R CGG 1.79 G
I ATT 0.00 T ACT 0.00 N AAT 0.00 S AGT 0.60 T
G I ATC 1.19 T ACC 2.38 N AAC 1.79 S AGC 0.60 C
I ATA 0.00 T ACA 0.00 K AAA 0.00 R AGA 0.00 A
M ATG 1.19 T ACG 2.98 K AAG 2.38 R AGG 0.60 G
V GTT 0.00 A GCT 0.00 D GAT 1.19 G GGT 0.00 T
A V GTC 3.57 A GCC 5.36 D GAC 4.17 G GGC 6.55 C
V GTA 1.19 A GCA 0.60 E GAA 3.57 G GGA 0.00 A
V GTG 4.76 A GCG 7.74 E GAG 3.57 G GGG 1.79 G
T C A G
F TTT 0.00 S TCT 0.00 Y TAT 0.00 C TGT 0.00 T
T F TTC 2.80 S TCC 0.70 Y TAC 1.40 C TGC 1.40 C
L TTA 0.00 S TCA 0.00 * TAA 0.00 X TGA 0.70 A
L TTG 0.00 S TCG 0.70 * TAG 0.00 w TGG 0.70 G
L CTT 0.00 P CCT 0.00 H CAT 0.70 R CGT 0.70 T
C L CTC 0.00 P CCC 3.50 H CAC 3.50 R CGC 6.99 C
L CTA 0.00 P CCA 0.00 Q CAA 0.00 R CGA 0.70 A
L CTG 2.80 P CCG 2.10 Q CAG 2.10 R CGG 4.20 G
I ATT 0.00 T ACT 0.00 N .AAT 0.00 S AGT 0.00 T
G I ATC 0.70 T ACC 4.90 N AAC 2.10 S AGC 0.70 C
I ATA 0.00 T ACA 0.00 K AAA 0.00 R AGA 0.00 A
M ATG 2.10 T ACG 2.10 K .AAG 2.10 R AGG 0.70 G
V GTT 0.00 A GCT 0.00 D GAT 0.00 G GGT 0.00 T
A V GTC 6.29 A GCC 4.20 D GAC 6.99 G GGC 6.99 C
V GTA 0.00 A GCA 0.70 E GAA 2.10 G GGA 2.10 A
V GTG 3.50 A GCG 2.80 E GAG 5.59 G GGG 1.40 G
F ig u re  6.6. (A) Codon u sag e  in  a  file  of 63 s tre p to m y c e te  g e n e s
(com piled b y  B ibb, u n p u b lis h e d  da ta). (B) Codon usage""in  o tc X  PPCR1. 
(C) Codon u sag e  in  th e  incom plete PPCR2. T he n u m b ers  
r e p r e s e n t  th e  f r e q u e n c y  w ith  w hich th e  codons a re  u sed . The f r e q u e n c y  
is  e x p re s s e d  as a  p e rc e n ta g e  (%) of th e  to ta l n u m b er o f codons in  th e  
file. Amino acids a re  in d ic a te d  b y  th e  s ta n d a rd  sin g le  l e t t e r  code  a n d  
s to p  cod o n s by a s te r is k s .
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To d e lin ea te  th e  locations of th e  p ro m o te r elem ents w ith in  th e  
SphL-SsfL  re g io n , th e  SauZAI f rag m e n ts  from  reco m b in an t v e c to rs  in  th e  
x y lE -p o sitiv e  tra n s fo rm a n ts  8, 12 an d  15 (see  Table 5.1) w ere  seq u en ced . 
The Sau3AI in s e r ts  w ere rem oved on HindLTL-EcoRl f rag m en ts  an d  lig a te d  
w ith  s im ila rly -d ig e s te d  M13mpl8 an d  M13mpl9. The HindLII-EcoRI 
frag m en ts  a lso  co n ta in  th e  x y lE  r e p o r te r  g en e , w hich is  located  b e tw een  
th e  fo rm er BairiRI s ite  (u sed  to  in s e r t  th e  Sau3AI frag m en ts) an d  th e  
EcoRI s ite . The lig a tio n  mixes w ere  th e n  in tro d u c e d  in to  E, coli TGI b y  
g en etic  tra n s fo rm a tio n  (S ection  2.2.12). S in g le -s tra n d e d  tem p la tes  w ere  
iso la ted  from  M13 p h ag e  co n ta in in g  reco m b in an t DNA m olecules (S ection  
2.3.16). The HindLII-EcoRI f rag m e n t from  th e  pIJ2843 c o n s tru c t  in  iso la te  
8 was u se d  to  d e riv e  mKMX88 an d  mKMX98 from  M13mpl8 an d  M13mpl9 
re sp e c tiv e ly . S im ilarly  mKMX812/912 an d  mKMX815/915 w ere d e riv e d  from  
th e  HindLII-EcoRl f rag m e n ts  of iso la tes  12 an d  15 re sp e c tiv e ly . The 
Sau3AI in s e r ts  in  th e  M13mpl9 c o n s tru c ts  cou ld  n o t be seq u en ced  from  
th e  u n iv e rs a l (-20) p rim er, as  th e  x y lE  r e p o r te r  gene w as lo ca ted  
betw een  th e  p rim er an n ea lin g  s ite  an d  th e  in s e r t .  T hese c o n s tru c ts  w ere  
seq u en ced , th e re fo re , from  an  o ligonucleo tide , w hich an n ea ls  to  a  
com plem entary  seq u en ce  on th e  a n tis e n se  s t r a n d  of xy lE , im m ediately 
dow nstream  of th e  m ultiple cloning s ite  in  pIJ2843 (F ig u re  6.7).
S eq u en cin g  re v e a le d  th a t  th e  reco m b in an t v e c to rs  in  iso la te s  8 
a n d  12 b o th  co n ta in ed  th e  Sau3AIc-e frag m e n t w ith  th e  Sau3AIc s ite  
n e a re s t  th e  x y lE  r e p o r te r  gene. Should  th e  DNA elem ent, w hich  is  
d ire c tin g  th e  t ra n s c r ip t io n  of x y lE  in  th e  pIJ2843 c o n s tru c ts  in  iso la te s  
8 an d  12, be ac tiv e  in  th e  chromosome of S. rim osus  i t  would d ire c t  
tra n s c r ip t io n  to w ard s  th e  Sphli2  s ite . In  o th e r  w ords, i t  would p ro d u c e  
t r a n s c r ip ts  from  th e  a n tis e n se  s t r a n d  of otcX  PPCR1. S im ilarly , th e  
pIJ2843 c o n s tru c t  in  iso la te  15 co n ta in s  th e  Sau3Alt-g frag m en t, w ith  th e  
Sau3Al£ s ite  n e a re s t  th e  xy lE  r e p o r te r  gene. Should  th e  p ro m o te r 
elem ent in  th is  in s e r t  be ac tiv e  in  th e  chrom osom e i t  would d ire c t  th e  
sy n th e s is  of t r a n s c r ip ts  from  th e  a n tis e n se  s t r a n d  of otcX  PPCR2.
Chapter 6 The S p /2l i 2-SsfcIi3 R egion 188
5 ’ . . .  AAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCTCTAGAGTCACTTTCGCCACGTTG
sP q ( ■ ■ ■ ■ ■ ■ I H H H H
1 ■" ' 1 ' ' ' ' pIJ2843 Reverse Primer
S i t e ,  24-mer
RBS x y l E
o o o o o o o  M e tA sn L y s ..
GCGGA A AC AAACCTGACAACATGAACTATGAAG AGGTGAC GTC ATGAACAAA. . GAATTC. . . 3 '
I E I
l__________I
F ig u re  6.7. M ultiple C loning S ite  in  p IJ2843. T he DNA s t r a n d ,  w h ich  
is  show n, is  g e n e ra te d  w hen  th e  tf in d lll-E co R I f ra g m e n t is  
in s e r te d  in to  M13mpl9 a n d  iso la ted  a s  s in g le - s t r a n d e d  DNA. The 
n u c leo tid e s  in  bold  ty p e  a re  th e  th r e e  t r a n s la t io n  s to p s  co d o n s. 
A b b rev ia tio n s : B, BamKI; Ac, AccI; E, EcoRI; H, HindLII; P, PstL; 
S, Sacl; Sp, SptiL; X, XbaL,
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6.2.5 A nalysis  o f t r a n s c r ip t io n  w ith in  th e  Sau3AIo-e a n d  Sau3AIf-g 
re g io n s
S in g le -s tra n d e d  p ro b e , w hich  w as com plem entary  to  th e  sen se  
s t r a n d  of otcX  PPCR1 w ith in  th e  Sau3AIc-e reg io n , w as g e n e ra te d  b y  
an n ea lin g  th e  pIJ2843 R ev erse  P rim er (F ig u re  6.7) to  mKMX912 (F ig u re  
6.3), ex ten d in g  from  th e  o ligonucleo tide  in  th e  p re se n c e  of rad io -la b e lle d  
n u c leo tid es  an d  d ig e s tin g  w ith  HindLII (M aterials an d  M ethods, 2.3.18). 
S im ilarly , a  p ro b e  com plem entary  to  sen se  s t r a n d  of o tcX  PPCR2 w ith in  
th e  Sau3AIf-g reg io n  w as g e n e ra te d  from  mKMX915. T hese  c o n tin u o u s ly -  
lab e lled  p ro b e s  w ere  h y b r id iz e d  in itia lly  a t  37°C w ith  to ta l  RNA from  S. 
rim osus  M4018 grow n on TSB, S. r im osus  M15883 grow n on LCM, w hich  
p ro d u c e s  low t i t r e s  of OTC a n d  S . r im osus  M15883 g row n on th e  h ig h -  
t i t r e  p ro d u c tio n  medium, TS1. T his se lec tion  of RNA was th e  same a s  th a t  
d e sc r ib e d  in  Section 3.2.4. A fte r d ig e stio n  w ith  S I n u c lea se , no RNA- 
p ro te c te d  frag m en ts  w ere  d e te c te d  in  a n y  o f th e  sam ples. T his 
p ro c e d u re  was re p e a te d , c a r ry in g  o u t th e  h y b rid iz a tio n s  a t  22°C. 
A lthough  t r a n s c r ip ts  o v e rla p p in g  w ith  th e  p ro b e s  b y  a s  li t t le  a s  15-20nt 
sh o u ld  have  form ed s ta b le  h y b r id s , no R N A -protected fra g m e n ts  w ere  
d e te c te d  a f te r  d ig estio n  w ith  S I nuc lease.
6.3 D iscussion
I t  has  b een  p ro p o sed  th a t  o v e rla p p in g  b id irec tio n a l p ro te in  
cod ing  reg io n s  a re  p re s e n t  in  S trep to m yces . F o r exam ple, ORF85 an d  
ORF79 in  th e  plasm id p IJ lO l (Kendall an d  Cohen, 1988) an d  ORFs 1215 
a n d  330 in  th e  In se r tio n  Elem ent IS110 (B ru ton  an d  C h ater, 1987). In  
b o th  of th e se  cases, how ever, th e re  is a  com prom ise in  th e  codon u sag e  
o f th e  p ro te in  coding  re g io n s  in  th e  a re a  of o v e rlap . The a v e ra g e  mol 
G+C com position in  th e  f i r s t ,  second  an d  th i r d  codon p o s itio n s  a re  
approx im ate ly  70%, 45%, an d  70% re sp e c tiv e ly . The f i r s t  codon p o s itio n  of 
th e  fo rw ard  PPCR is  th e  th ir d  codon p o sition  of th e  r e v e r s e  PPCR a n d  
v ice  versa . The a v e rag e  d is tr ib u tio n  of G+C re s id u e s  in  th e  codons of 
o tcX  PPCR1 and  PPCR2 is  ty p ic a l of S trep to m y c es  genes. As th e  ty p ic a l 
codon u sag e  in  PPCR1 an d  PPCR2 would n e c e ss ita te  th e  u se  of r a r e  
codons in  th e  a n tis e n se  RNA it  was c o n sid e red  u n lik e ly  th a t  t r a n s c r ip t s  
o r ig in a tin g  from th e  elem ent(s) cloned in  iso la tes  8, 12 an d  15 would
be tra n s la te d  e ffic ien tly , u n le ss  th e  a n tis e n se  t r a n s c r ip ts  en coded  v e ry
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s h o r t  p o ly p e p tid e s  (ca. 50 amino ac id s). The FRAME a n a ly s is  would n o t 
d e te c t  n e c e ssa rily  a  com prom ise in  th e  d is tr ib u tio n  of G+C re s id u e s  in  
th e  d if fe re n t  codon p o sitio n s  w ith in  a  lim ited segm ent o f o v e rla p p in g  
PPCRs. An an a ly s is  of th e  1166bp re g io n  d id  n o t id e n tify , how ever, a n y  
r e v e r s e  ORFs (rea d in g  r ig h t  to  le ft)  co n ta in in g  in fram e tra n s la t io n  
s t a r t  codons a t  th e  5* en d , w hich w ere  p re c e d e d  b y  co n secu tiv e  
n u c leo tid es  w ith  com plem entarity  to  th e  3* en d  of 16S rRNA from  5, 
liv id a n s  (Bibb an d  Cohen, 1982). As no ev id en ce  h as  b een  o b ta in e d  fo r  
th e  p re se n c e  of p ro te in  cod ing  re g io n s  in  th e  r e v e r s e  fram es of th e  
S p h l- S s t I reg io n , i t  seem ed u n lik e ly  th a t  a n tis e n se  t r a n s c r ip ts  a r is in g  
from th e  p ro m o ter e lem ents c loned  in  iso la te s  8, 12 an d  15 would be  
m essen g e r RNAs.
In c re a s in g ly , small RNA m olecule’s a re  be ing  im plicated  in  
re g u la tin g  tra n s la tio n , a s  well a s  p a r tic ip a tin g  in  th e  co n tro l of 
t ra n s c r ip t io n , tra n sp o s it io n , p h ag e  developm ent, DNA rep lic a tio n , p lasm id 
copy  n u m b er an d  plasm id t r a n s f e r  (fo r rev iew  an d  exam ples, see  In o u y e  
an d  D elihas, 1988). O ften an  a n tis e n s e  RNA t r a n s c r ip t ,  w hich  is  
com plem entary  to  th e  tra n s la tio n  s t a r t  codon a n d  S h in e-D elg arn o  (SD) 
seq u en ce , b in d s  th e  mRNA p re v e n tin g  th e  in itia tio n  of tra n s la t io n , fo r  
example: pOUT RNA b inds to  th e  SD seq u en ce  an d  AUG s t a r t  codon of 
t ra n s p o sa s e  mRNA and  th e re b y , re g u la te s  Tn 10 tra n sp o s it io n  (Simons 
an d  K leckner, 1983); co n ju g al t r a n s f e r  of plasm id R100 is  re g u la te d  b y  
two fin P  t r a n s c r ip ts  w hich a re  en v isa g e d  to  b lock  tra n s la t io n  of th e  t r a J  
m essage b y  b in d in g  to th e  SD re g io n  (Dempsey, 1987) a n d  th e  
tra n s la t io n  of th e  a n tite rm in a to r  (an t) mRNA in  b a c te rio p h a g e  P22 is  
in h ib ite d  b y  th e  b ind ing  of a  small RNA, w hich sh ie ld s  th e  AUG codon 
an d  SD seq u en ce  (Liao e t al., 1987). Not all a n tis e n se  RNA t r a n s c r ip t s  
re g u la te  t ra n s c r ip t io n  by  p re v e n tin g  ribosom e b in d in g , fo r  exam ple, in  
b a c te rio p h ag e  lam bda OOP RNA p re v e n ts  e l l  ex p re ss io n  b y  h y b rid iz in g  to  
th e  3’ en d  of th e  m essage an d  c re a tin g  an  RNAase I l l - s e n s i t iv e  s ite  
(K rinke an d  Wulff, 1987). As th e  p u ta tiv e  a n tis e n se  t r a n s c r ip ts  in  th e  
otcX  re g io n  a re  Unlikely to  encode p o ly p e p tid e s , th e y  cou ld  co n ce iv ab ly  
re g u la te  th e  tra n s la tio n  of a  otcX  m essage, w hich o r ig in a te s  from  otcXp i  
(F ig u re  6.4), by  an  unknow n m echanism.
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The id en tifica tio n  of c o n se rv e d  p /20-like  boxes in  th e  p ro m o te rs  
ofcC pl a n d  otcXp i  (S ection  5.2.7), how ever, h as  a lre a d y  lead  to  th e  
p ro p o sa l of a  p lau sib le  model fo r  re g u la tin g  th e  ex p re ss io n  of g en es  in  
th e  o tc  c lu s te r . T ra n sc rip tio n  from  o tcC pl an d  o tcX p l a n d  p o ss ib ly  o th e r  
p ro m o te rs  w ith in  th e  o tc  c lu s te r ,  w hich  d ire c t  t r a n s c r ip t io n  o f g en es  
w hose p ro d u c ts  a re  in v o lv ed  d ire c tly  in  th e  b io sy n th e s is  of OTC, may
be a c tiv a te d  by  th e  b in d in g  of a  re g u la to ry  p ro te in  w ith in  th e  p ro m o te r
reg ion . A lthough sim ilar m odels in v o lv in g  tra n s -  a c tin g  re g u la to ry  
p ro te in s  h ave  b een  p ro p o sed  to  re g u la te  th e  b io sy n th e s is  o f o th e r
a n tib io tic s  (fo r rev iew , see  S ection  1.6), to  d a te , no a r t ic le s  h av e  b een  
p u b lish e d  w hich s u g g e s t  a  ro le  fo r  a n tis e n se  RNA in  re g u la tin g  th e  
e x p re ss io n  of enzym es of sec o n d a ry  m etabolism  a t  th e  lev e l of 
tra n s la t io n  in  S trep to m y c es .
In  Bacillus su b tilis , th e  g en es  encod ing  enzym es w hich  Have ro le s  
in  th e  e a r ly  s te p s  of a rg in in e  b io sy n th e s is  a re  lo ca ted  in  a  s in g le  
c lu s te r , w ith  th e  gene  o rd e r  a rg C -a rg A -a rg E -a rg B -a rg D -cp a -a rg F
(M ountain, e t  al., 1986). T ra n sc rip tio n a l a n a ly s is  in  v itr o  re v e a le d  a  
p ro m o ter u p s tream  of argC, w hich  d ire c te d  t ra n s c r ip t io n  r ig h tw a rd s . 
The in se r tio n  of small DNA frag m e n ts  in to  th e  coding  re g io n  of argC  
h ad  a  p o la r e ffec t, w hich d is ru p te d  th e  ex p re ss io n  of a rg F  (Sm ith, 
u n p u b lish e d  re su lt) . As th is  a rg  c lu s te r  is  n o t th o u g h t to  c o n ta in  a  
re g u la to ry  locus, i t  was d ed u ced  th a t  a rg C -a rg A -a rg E -a rg B -a rg D -cp a  
a n d  a rg F  w ere p a r t  of a  s in g le  t ra n s c r ip t io n a l  u n it  (B aum berg a n d  
Sm ith, p e rs . comm.) However, th e  sh o tg u n  clon ing  of random  fra g m e n ts  
from  a  segm ent of DNA, w hich co n ta in ed  th e  p ro p o sed  a rg C -a rg A -a rg E -  
arg B -a rg D -cp a -a rg F  op ero n , in to  a  p ro m o te r-p ro b e  v e c to r  id e n tif ie d  fo u r  
in te rn a l  frag m en ts  th a t  w ere  cap ab le  of d ire c tin g  tr a n s c r ip t io n  of th e  
r e p o r te r  gene (B aum berg, u n p u b lish e d  re s u lt) .  As th e re  a re  no 
p re c e d e n ts  fo r  th e  a n tis e n se  RNA re g u la tio n  of gene e x p re ss io n  in  B. 
su b tilis , i t  was p ro p o sed  th a t  th e  cloned  e lem ents may be "phan tom " 
p ro m o te rs , w hich have no ro le  in  th e  tra n s c r ip t io n  o r  re g u la tio n  of th e  
a rg  o p e ro n  in th e  chromosome (B aum berg, p e rs . comm.). By an a lo g y  w ith  
th e  a rg  operon , i t  is  a  form al p o ss ib ility  th a t  th e  p la sm id -a c tiv e  
p ro m o ter (PAP) elem ents cloned in  iso la te s  8, 12 and  15 a re  n o t a c tiv e  
in  th e  chromosome of S. r im osus . The in ab ility  to  d e te c t th e  5* e n d s  o f 
t r a n s c r ip ts  o rig in a tin g  from  th e  Sau3AIc-e a n d  Sau3AIf-g re g io n s  in  
to ta l RNA iso la ted  from S. r im osus  a t  d if f e re n t s ta g e s  in  th e  fe rm e n ta tio n
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of OTC is  c o n s is te n t w ith  th e  PAP e lem en ts  in  th e se  re g io n s  b e in g  
"phantom " p rom oters . As will be  d is c u s se d  la te r , th e r e  a re  o th e r  
p o ssib le  re a so n s  w hy th e  5* e n d s  of th e  p u ta tiv e  a n tis e n se  t r a n s c r ip ts  
w ere  n o t d e tec ted . At th is  s ta g e  in  th e  a n a ly s is  i t  is  n o t c le a r  w h a t 
ro le s , if  an y , th e  p rom oter e lem en ts , c loned  in  iso la tes  8, 12 an d  15 
h ave  in  th e  b io sy n th e s is  of OTC.
The 259bp Sau3AIb-c fra g m e n t co n ta in in g  th e  o tc C p l/o tc X p l  
p ro m o ter reg io n  (see F ig u re  6.4) h a s  b een  in s e r te d  in to  th e  BanHl s ite  
of pIJ2843 to  d e riv e  pKMSOCPl, w hich  h a s  th e  SauSAIb s ite  n e a re s t  th e  
x y lE  r e p o r te r  gene  (McDowall an d  Kok, u n p u b lish e d  w ork). T ran s fo rm an ts  
of S. liv id a n s  TK54, w hich co n ta in  pKMSOCPl, on ly  e x p re ss  x y lE  a f te r  
in cu b a tio n  fo r  approx im ately  six  d ay s  on  Em ersons a g a r  (co n ta in in g  
th io s tre p to n , 25]ig.ml_1) a t  30°C (McDowall an d  M°Gregor, u n p u b lish e d  
re s u lt) .  A sim ilar delay  in  tra n s c r ip t io n  from  th e  o tcC pl p ro m o ter is  a lso  
o b se rv e d  w hen th e  same tra n s fo rm a n ts  w ere  in c u b a ted  on R2 medium 
(McDowall an d  Kok, u n p u b lish e d  re s u lt) .  In  th e  p re v io u s  c h a p te r , th e  
a ss a y s  fo r  tra n s fo rm a n ts  co n ta in in g  reco m b in an t pIJ2843 v e c to rs  w ith  
p ro m o ter e lem ents capab le  of d ire c tin g  tra n s c r ip t io n  of th e  x y lE  r e p o r te r  
gene w ere c a r r ie d  o u t a f te r  in c u b a tio n  fo r  3, 4 an d  5 d a y s  on 
re g e n e ra tio n  p la te s  a t 30°C (Section  5.2.2). At each  time p o in t, six xylE+ 
iso la tes  w ere  se lec ted  fo r  f u r th e r  an a ly s is . This sc re e n in g  s t r a te g y  
would be b iased , th e re fo re , a g a in s t  p ro m o te rs  w hich w ere  on ly  ac tiv e  
a f te r  in cu b a tio n  fo r  6 d ay s, g iv en  th a t  all th e  iso la tes  w hich w ere  
se lec ted  (w ith th e  exception  of iso la te  5) w ere h ig h ly  p igm en ted  a f te r  
sp ra y in g  w ith  catecho l a t  each  of th e  tim e p o in ts  (Section 5.2.3). As th e  
otcX p i  an d  otcC pl p rom oters  h ave  b een  show n to  have sim ilar tem p o ra l 
a c tiv itie s  in  S. rim osus  (Section 5.2.6), i t  is  p e rh a p s  no t s u rp r is in g  th a t  
iso la tes  co n ta in in g  pIJ2843 c o n s tru c ts  w ith  th e  5au3AIb-c frag m e n t in  
e ith e r  o rie n ta tio n  w ere n o t se lec ted .
The S I m apping experim en ts  d e sc r ib e d  in  Section  6.2.5 fa iled  to  
d e te c t t r a n s c r ip ts  o rig in a tin g  from  e i th e r  th e  Sau3AIc-e o r SauSAlf-g 
re g io n s  in  to ta l RNA iso la ted  from  S . r im o su s  a t  d if fe re n t s ta g e s  in  th e  
fe rm en ta tio n  of oxy te tracy c lin e . The p o ss ib ility  th a t  th e  e lem ents c loned  
in  iso la te s  8, 12 and  15 w ere "phantom " p ro m o te rs  h as  a lre a d y  b een  
d iscu ssed . I t  is also p o ssib le  th a t  th e  5* en d s  of th e  p u ta tiv e
a n tis e n se  t r a n s c r ip ts  w ere no t d e tec te d , a s  th e y  did no t o v e rlap  to  a n y
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g re a t  e x te n t w ith  th e  s in g le -s tra n d e d  p ro b e s  (S ec tion  6.2.5). 
In te re s t in g ly , th e  Sau3AIc-e fra g m e n t cloned in  iso la tes  8 a n d  12 w as 
th e  p ro d u c t of p a r tia l d ig estio n . I t  is  p o ssib le  th a t  th e  in te rn a l  Sau3AId
s ite , w hich  is located  on ly  31bp to  th e  r ig h t  of th e  Sau3AIc s ite , lies
w ith in  seq u en ces  re q u ire d  to  d ire c t  t ra n s c r ip t io n  of x y lE  in  th e  pIJ2843 
c o n s tru c ts . Should  th is  be th e  case , th e n  th e  tra n s c r ip t io n  s t a r t  p o in t 
of th e  p rom oter elem ent may w ell be located  c lose to  th e  Sau3AIc s ite  
an d  th u s  t r a n s c r ip ts  o r ig in a tin g  from  th is  elem ent m igh t n o t have
h y b rid iz e d  e ffic ien tly  to  th e  p ro b e  g e n e ra te d  from  mKMX912 (F ig u re  6.3).
P rim er ex tension  from  o ligonucleo tide  C64 h y b rid ize d  to  to ta l  RNA 
iso la ted  from  S. r im osus  (S ection  5.2.5) shou ld  h av e  d e te c te d  th e  5* e n d s  
o f  t r a n s c r ip ts  o r ig in a tin g  w ith in  th e  Sau3AIo-e re g io n , p ro v id e d  
tr a n s c r ip t io n  d id  no t te rm in a te  b e fo re  th e  p rim er an n ea lin g  s ite . Sim ilar 
to  th e  rh o  fa c to r - in d e p e n d e n t t ra n s c r ip t io n  te rm in a tio n  s ite s  in  th e  
e n te ro b a c te r ia  (fo r rev iew , see Galloway an d  P la tt, 1986), th e  p u ta tiv e  
tr a n s c r ip t io n  te rm ina tion  s ite s  of m any s trep to m y ce te  g en es  co n ta in  G+C- 
r ic h  d y ad  sym m etry (fo r rev iew  an d  re fe re n c e s , see Seno a n d  B altz,
1988). S trep to m y ce te  te rm in a to rs  do n o t con ta in , how ever, th e  s t r in g  of 
u r id in e  re s id u e s , w hich follows th e  re g io n  of d y ad  sym m etry  a t  th e  3* 
en d  of t r a n s c r ip ts  in  th e  e n te ro b a c te r ia . No seq u en ces  w ith  G +C-rich 
d y ad  sym m etry  ty p ica l of s tre p to m y c e te  te rm in a to rs  w ere  d e te c te d  in  
th e  in te rv e n in g  reg io n  betw een  th e  Sau3Ale s ite  an d  th e  an n ea lin g  s ite  
fo r  oligo. C64 (F igu re  6.4). In  th e  e n te ro b a c te r ia , a n o th e r  c la ss  of 
te rm in a tio n  s ite s , w hich do n o t p o s se ss  dyad  sym m etry  a n d  a  s t r in g  of 
u r id in e  re s id u e s , can  also  cau se  RNA polym erase  to  te rm in a te  
tra n s c r ip tio n . A lthough th e se  te rm in a tio n  s ite s  a re  g e n e ra lly  A +T-rich 
a n d  re q u ire  add itiona l p ro te in  fa c to rs , th e re  is  no u n ify in g  seq u e n c e  o r  
s t r u c tu r e  fo r  th is  second c lass  of te rm in a to rs  (fo r rev iew s, see  P la tt  
a n d  B ear, 1983). As y e t, no fa c to r -d e p e n d e n t te rm in a tio n  s i te s  h av e  
b een  c h a ra c te r is e d  in  S tre p to m y c e s . I t  is  rem ains a  form al p o ss ib il ity , 
th e re fo re , th a t  t r a n s c r ip ts  o r ig in a tin g  from  th e  elem ent(s) c loned  in  
iso la te s  8 and  12 te rm in a te  a t  an  u n id e n tif ie d  fa c to r -d e p e n d e n t  
te rm in a to r  befo re  th e  an n ea lin g  s ite  fo r oligo. C64. A no ther ex p lan a tio n  
fo r  w hy th e  5* ends of th e  p u ta tiv e  a n tis e n se  t r a n s c r ip ts  w ere  n o t 
d e te c te d  u s in g  p rim er ex ten sio n  a n a ly s is , is  th a t  th e  c loned  p ro m o te r 
e lem ents m ight only be a c tiv e  tra n s ie n t ly . This m ight be ex p ec ted  if th e  
a n tis e n se  t r a n s c r ip ts  h ave  a  ro le  in  re g u la tin g  th e  e x p re ss io n  of th e
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o tcX  locus an d  th u s , th e  b io sy n th e s is  of OTC. No a tte m p t, a s  y e t, h as  
b een  made to  c o rre la te  th e  p re se n c e  of ca tech o l d ioxy g en ase  a c tiv ity  in  
p la te  a s sa y s  (S ection  5.2.3) w ith  th e  in tra c e l lu la r  lev e ls  of x y lE  
t r a n s c r ip ts ,  o rig in a tin g  from  cloned  p ro m o te rs  in  pIJ2843 c o n s tru c ts . The 
d e tec tio n  of ca techo l d ioxygenase  a c tiv ity  in  iso la te s  8, 12 an d  15 a f te r  
in cu b a tio n  fo r  3, 4 an d  5 d ay s  (C h ap te r 5, 5.2.3) is  n o t in c o n s is te n t 
n e c e ssa rily , th e re fo re , w ith  th e  p ro m o ter e lem en ts b e in g  ac tiv e  
tra n s ie n t ly .
On balance , th e  a n a ly se s  d e sc r ib e d  above s u g g e s t  th a t  th e  
elem ents cloned in  tra n s fo rm a n ts  8, 12 a n d  15 a re  u n lik e ly  to  d ire c t  th e  
sy n th e s is  of mRNAs, w hich  encode p ro d u c ts  in v o lv ed  d ire c tly  in  th e
b io sy n th e s is  of OTC. A lthough  th e  above d iscu ss io n  does n o t lead  to  a n y
firm  conclusion  a b o u t th e  ro le  of th e se  p ro m o ter e lem en ts, i t  h ig h lig h ts  
th e  ra n g e  of p o ssib ilitie s  w hich m ust be c o n s id e re d  in  u n d e r ta k in g  
f u r th e r  tra n s c r ip tio n a l an a ly s is  of th e  otcX  locus. The lin es  of 
in v e s tig a tio n  w hich a re  b e in g  co n sid e re d  to  c h a ra c te r iz e  f u r th e r  th e  
p rom oter e lem ents c loned  in  iso la tes  8, 12 an d  15 a re  d e sc r ib e d  in  th e  
con clu d in g  c h ap te r .
I t  was hoped  th a t  th e  com parison  of th e  amino ac id  seq u en ces  of 
th e  p re d ic te d  p ro d u c ts  from  otcX  PPCR1 an d  PPCR2 w ith  e n tr ie s  in  th e
N B RF-protein an d  EMBL d a tab a se s  would id e n tify  s im ila rity  to
p o ly p ep tid e s  w ith  know n fu n c tio n s  an d  th u s  s u g g e s t  a  p o ssib le  ro le  fo r  
th e  otcX  locus in  th e  b io sy n th e s is  of OTC. U n fo rtu n a te ly , no sim ila rities  
to  a n y  e n tr ie s  in  th e  d a ta b a se s  w ere  d e tec ted .
The actVa  re g io n  in  th e  ac tin o rh o d in  c lu s te r  of S . coelicolor  is  
c u r r e n t ly  being  seq u e n c ed  (C aballero, p e r s  comm.). Com parison of 
seq u en ce  in  th e  0.96kb SphLi2rSstLi3 f rag m e n t from  th e  otcX  reg io n  
(F ig u re  6.1) and  th e  1.15kb PstLs-Bgllls  frag m e n t from  th e  actVa reg io n  
(F ig u re  6.2) shou ld  re v e a l th e  DNA d e te rm in a n ts  w hich perm it 
h y b rid iza tio n  betw een  th e se  reg io n s  a t  h ig h  s tr in g e n c y .
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7.1 In tro d u c tio n
E. coli h a s  b een  u se d  a s  a  model fo r  s tu d y in g  tra n s la t io n  in  
p ro k a ry o tic  sy stem s. T ran s la tio n  in itia tio n  is  sp ec ified  by  se q u e n c e s  in  
m essenger RNA o th e r  th a n  s t a r t  codons. The in itia tio n  codons of m any 
genes from  E. coli a re  p re c e d e d  b y  a  s h o r t  seq u en ce  of n u c leo tid e s  
th a t  a re  d ire c tly  com plem entary  to  some p a r t  of th e  -ACCUCCUUA- 
OH nucleo tide  seq u en ce , ly ing  a t  th e  ex trem e 3* end  of th e  16S 
ribosom al RNA of E. coli (Shine and  D algarno; 1974, 1975).
The 16S rRNA is  an  in te g ra l  com ponent of th e  30S ribosom al 
su b u n it, w hich in te ra c ts  w ith  mRNA in  c o n ju n c tio n  w ith  ribosom ally  
asso c ia ted  p ro te in s  an d  in itia tio n  fa c to rs . S h ine  an d  D algarno p o s tu la te d  
th a t  a  p re lim in a ry  in te ra c tio n  betw een  se q u e n c e s  a t  th e  3V en d  of 16S 
rRNA an d  com plem entary  seq u en ces  on th e  mRNA could  ta r g e t  a  30S 
ribosom al s u b u n it  to w ard s  an  AUG o r GUG tra n s la t io n  in itia tio n  codon. 
This in te ra c tio n  would allow th e  form ation  of a  30S subunit-m R N A - 
fmettRNA complex, w hich was p o sitioned  c o rre c tly  an d  could g ive r is e  to  
an  ac tiv e  in -fram e  ribosom e on ad d itio n  of th e  50S ribosom al s u b u n it .  
The tra n s la t io n  of mRNA can  be a ffec ted  by  th e  com plem entarity  of th e  
Sh ine-D algarno  (SD) seq u en ce  an d  th e  sp ac in g  of th is  seq u e n c e  from  
in itia tio n  codons (fo r rev iew , see Gold an d  S torm o, 1987).
For th e  G ram -positive  g en era , B acillus  a n d  S ta p h y lo co ccu s, i t  h a s  
been  p ro p o sed  th a t  a  h ig h  d eg ree  of com plem entarity  b e tw een  th e  
seq uence  a t  th e  3’ end  of 16S rRNA a n d  seq u en ce  im m ediately u p s tre a m  
of th e  tra n s la t io n  in itia tio n  codon on th e  mRNA (eq u iv a len t to  th e  SD 
seq uence  in  E. coli) is  re q u ire d  fo r  e ff ic ie n t tra n s la t io n  (McL augh lin  e t  
al., 1981). A lthough  th e  seq u en ce  a t  th e  3’ en d  of th e  16S rRNA of th e s e  
G ram -positive  g e n e ra  is  id en tica l to th a t  o f E. coli (McL augh lin  e t  al., 
1981), g en es  from  E. coli a re  poorly  e x p re sse d  in  B. su b tilu s .  I t  h a s  
been  p ro p o sed  th a t  th e  p rin c ip a l o b s tru c tio n  to  th e  ex p re ss io n  of E. 
coli gen es  in  B. s u b tilis  o ccu rs  a t  th e  level o f tra n s la tio n , a s  th e  SD 
seq u en ces  of E. coli h ave  s ig n ific an tly  low er com plem entarity  to  th e  3* 
end  of 16S rRNA th a n  do th o se  of Bacillus  a n d  S ta p h y lo co ccu s  (E h rlich  
and  Sgaram ella, 1978).
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The in a b ility  of B. s u b tilis  to  t r a n s la te  E. coli g en e  s t a r t s  h as 
been  c o rre la te d  w ith  th e  ab sen ce  of th e  la r g e s t  30S ribosom al p ro te in  
fo und  in  E. coli, p ro te in  S I (Higo e t  al., 1982). R ecen tly , th e  rem oval of 
th e  S I p ro te in  from  E. coli ribosom es w as show n to  r e s u l t  in  th e  
p re fe re n tia l  tra n s la t io n  of mRNA from  B acillus  (R o b erts  a n d  Rabinow itz,
1989). I t  was concluded  th a t  th e  S I p ro te in  p e rm its  ribosom es to  in itia te  
.tra n s la tio n  a t  codons w hich  a re  p re c ed e d  b y  S h in e-D alg ar no seq u e n c es  
w ith  low com plem entarity  to  th e  3* end  of 16S rRNA.
Com parisons of th e  seq u en ces  p re c e d in g  th e  tra n s la t io n  s t a r t  
codons of g enes from  S tre p to m y c e s  h as in d ic a te d  th a t  th e  b in d in g  of 
ribosom es to  S tre p to m y c e s  mRNA does n o t re q u ire  th e  d e g re e  of 
com plem entarity  re q u ire d  a p p a re n tly  in  B acillus  an d  S ta p h y lo co ccu s  
(Hopwood e t  al., 1986; Seno an d  Baltz, 1988; th is  w ork). U nlike B acillus  
an d  S ta p h ylococcus, th e  30S su b u n its  of S tre p to m y c e s  ribosom es 
con ta in  a  S I p ro te in  (R oberts  an d  Rabinowitz, 1988). In  th e se  re s p e c ts ,  
th e  in itia tio n  of t ra n s la t io n  in  S trep to m y c es  is  analo g o u s to  th e  p ro c e ss  
in  E. coli.
'A lth o u g h , th e  SD seq u en ce  can  prom ote th e  in itia tio n  o f 
t ra n s la tio n , i t  is  n o t  e s s e n tia l in  all cases. A n u m b er of E. coli g enes 
lack  SD seq u en ces  an d  y e t a re  tra n s la te d  e ffic ien tly . T ra n s c r ip ts  of 
th e  lam bda c l  gene  w hich o rig in a te  from th e  P m p ro m o ter, fo r  exam ple, 
lack  a SD seq u en ce  and  h ave  th e  A of th e  AUG in itia tio n  codon a t  th e ir  
5* te rm in u s. An exam ination of th e  seq u en ces  follow ing th e  tra n s la t io n  
in itia tio n  codons of E. coli genes has show n th a t  n e a r ly  a ll co n ta in , 
a t  le a s t, th re e  to  fo u r  c o n se rv e d  nuc leo tid es  th a t  a re  com plem entary  to  
some p a r t  of th e  5’-AAAUUGAAGAGUUUGA- seq u e n c e  located  a t  th e  5* 
te rm in u s  of 16S rRNA (P e te rse n  e t al., 1988).
I t  h as  been  p ro p o sed  th a t  seq u en ces  a t  th e  5* en d  of 16S rRNA 
may be involved  in  mRNA reco g n itio n  th ro u g h  a  m echanism  an a lo g o u s to  
th e  well e s ta b lish e d  "S hine  an d  D algarno" in te ra c tio n . In  s u p p o r t ,  c l  
t r a n s c r ip ts  th a t  lack SD seq u en ces  con ta in  n u c leo tid es  dow nstream  from  
th e  s t a r t  codon w hich a re  com plem entary to  a  d is c re te  re g io n  a t  th e  5* 
end  of th e  E. coli 16S rRNA (P e te rsen  e t al., 1988).
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At p re s e n t ,  m any la b o ra to rie s  in te r e s te d  in  S tre p to m y c e s  a re  
seq u en c in g  g en es  in vo lved  e ith e r  in  m orphological d if fe re n tia tio n  o r in  
sec o n d a ry  m etabolism . U sing th e  FRAME p ro g ram  (Bibb e t  al., 1984), i t  is  
u su a lly  re la tiv e ly  s tra ig h tfo rw a rd  to  id e n tify  th e  approx im ate  b o u n d a rie s  
of p o ten tia l p ro te in  coding  reg io n s  (PPCR). FRAME a n a ly se s  is  un ab le , 
how ever, to  de te rm in e  th e  p re c ise  b a se s  a t  w hich  a  PPCR s ta r t s ,  
p a r t ic u la r ly  w hen two o r  more in -fram e  s t a r t  codons a re  c lose ly  sp aced  
(fo r f u r th e r  d e sc rip tio n , see Section  4.2.3.1). I t  h a s  n o t a lw ays been  
po ssib le  to  a s s ig n  unam biguously  tra n s la t io n  in itia tio n  codons on th e  
b asis  of com plem entarity  to  th e  3’ seq u en ce  of 16S rRNA.
F o r E. co li g en es , th e  s ta t is t ic a l  a n a ly s is  of seq u e n c es  
"dow nstream " from  th e  p ro p o sed  tra n s la t io n  in itia tio n  codons (P e te rse n  
e t  al., 1988) p ro v id e d  ad d itio n a l c r i te r ia  to  d is tin g u ish  bona fid e
tra n s la t io n  in itia tio n  codons from  "fa lse"  s t a r t s  in  u n c h a ra c te r is e d  
seq u en ce  da ta . A dditional c r i te r ia  would also  a id  th e  id e n tif ic a tio n  of 
tra n s la t io n  in itia tio n  codons in  S tre p to m y c e s . F o r sim plic ity , th e  te rm  
"gene s ta r t"  (u sed  b y  P e te rse n  e t al., 1988) will be  u se d  to  d e sc r ib e  
th e  reg io n  of mRNA, w hich is th o u g h t to  be in v o lv ed  in  th e  in itia tio n  of 
tra n s la tio n , a t  th e  s t a r t  of a  coding seq u en ce  .
The o b je c tiv e  of th is  p re lim inary  s tu d y  w as to  e s ta b lish  if  
seq u en ces  dow nstream  from th e  p u ta tiv e  in itia tio n  codons of a  se lec tio n  
of S tre p to m y c e s  g enes could form  com plem entary  b ase  p a ir s  w ith  
seq u en ce  a t  th e  5* end  of 16S rRNA an d  cou ld  be in v o lv ed , in  ribosom e 
b in d in g . The m a jo rity  of th e  te n ta tiv e  g ene  s t a r t s  w hich w ere  exam ined 
w ere  ta k e n  from  th e  o x y te tracy c lin e  c lu s te r  of S. r im o su s .
7.2 R esu lts  an d  D iscussion
7.2.1 C om parison o f 16S rRNA S equences from  S tre p to m y c e s  a n d  E. coli
16S rRNAs from  S. coelicolor and  S. liv id a n s  h ave  been  seq u e n c ed  
(Baylis a n d  Bibb, 1987; Suzuki and  Yamata, 1987) an d  show g re a te r  th a n  
99.5% id e n tity . The 5* and  3’ seq u en ces  of th e  S tre p to m y c e s  16S rRNA, 
c o rre sp o n d in g  to  th e  E. coli seq u en ces  im plicated  in th e  b in d in g  of
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th e  ribosom e to  mRNA, a re  show n in  F ig u re  7.1, Panel A. The 3* 
seq u e n c es  of th e  S trep to m y c es  16S rRNAs a re  alm ost id e n tic a l to  th e  
e q u iv a le n t E. coli seq u en ce  in v o lv ed  in  S h ine-D algafno  b ase  p a ir in g . 
T his is  c o n s is te n t w ith  th e  fin d in g  th a t  m ost of th e  S tre p to m y c e s  g en es  
w hich h av e  been  seq u en ced  p o s se ss  a  reaso n ab le  Shinei-D algarno 
seq u en ce  betw een  1 and  18 n u c leo tid es  b e fo re  th e  s t a r t  codon (see  Table 
7.1 fo r  exam ples).
A lignm ent of th e  16S rRNA seq u e n c es  from  S tre p to m y c e s  re v e a le d  
a  s l ig h t d iffe ren ce  in  th e  5* en d  p o in ts  o f rrnD  from  S. coelicolor  a n d  
rrn B  from  S. liv id a n s . The 5’ te rm in i of th e s e  16S rRNAs may a c tu a lly  
be d if fe re n t, a lte rn a tiv e ly , experim en tal e r r o r  could  be th e  c au se  o f th e  
s lig h t d isc re p a n c y  in  th e i r  s t a r t  p o in ts . F or c la r ity , th e  5V en d  of 16S 
rRNA from  S . liv id a n s , w hich is  two n u c leo tid es  lo n g e r th a n  th e  5* en d  
of 16S rRNA from  S. coelicolor an d  one n u c leo tid e  lo n g e r th a n  th e  E. co li 
16S rRNA, was u sed  a s  th e  re fe re n c e  seq u en ce  in  th e  follow ing 
com parisons. I t  was assum ed th a t  seq u e n c es  a t  th e  extrem e 5* en d  o f  
16S rRNA would be h ig h ly  c o n se rv e d  in  a ll S trep to m y c es  spp .
The seq u en ce  of th e  5’ end  of S tre p to m y c e s  16S rRNA on ly  show s 
id e n tity  w ith  n uc leo tides 8 to  16 of th e  E. coli seq uence . The f i r s t  7 
n u c leo tid es  of th e  E. coli 16S rRNA, w hich a re  im plicated  in  
"dow nstream " reco gn ition , have  no id e n ti ty  to  th e  c o rre sp o n d in g  
seq u en ce  in  S trep to m yces . The d iffe ren c e  in  seq u en ce  a t  th e  ex trem e 5* 
en d  of 16S rRNA may re f le c t th e  d is p a r i ty  in  th e  p re fe r re d  codon u sag e  
of S tre p to m y c e s  and  E. coli, a s  an y  in te ra c tio n  invo lv ing  16S rRNA 
w ith in  th e  cod ing  sequence  would be ex p ec ted  to  be com patible w ith  th e  
coding  re q u ire m e n ts  of th e  mRNA.
7.2.2 C om plem entarity  Between D ow nstream  S eq u en ces  a n d  th e  5’ E nd o f 
16S rRNA
From th e  w ork of P e te rs e n  an d  co -w o rk e rs  (1988), w hich in s p ire d  
th is  p a r t ic u la r  in v estig a tio n , on ly  th e  f i r s t  16nt of th e  16S rRNA from  E. 
coli w ere  im plicated in  com plem entary  b ase  p a ir in g  w ith  "dow nstream " 
seq u en ces . C orrespond ing ly , on ly  th e  f i r s t  17nt of 16S rRNA from  
S tre p to m y c e s  w ere analy sed . In  E. coli, n u c leo tid es  capab le  of fo rm ing
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(A)
3 ’ AUUCCUCCA-(N)i5 1 6 -AGUUUGAGAAGUUAAA 5 1 r r n B  E . c o l i  
+ + + + + + + +  + + + + + + + + +  +
3 ’ UCUUUCCUCCA-( N ) l 5 o o-AGUUUGAGAGGCACU 5 * r rn D  S .  c o e l i c o l o r  
+ + + + + + + + + + +  + + + + + + + + + * + * * * *
3 ’ UCUUUCCUCCA-(N)i 5 0 2 -AGUUUGAGAGGCACUUA 5 ’ r r n B  S . l i v i d a n s
M 1 1 1 M o t r A
I -----1 otcC *
I  — I o t c X l
x -----------x o tc X 2H1111M o t c Z
I - - I a c t l l l
- I c  (0 C 3 1 )H111H dagA
I - I d h q +
I  — I g r a  ORF1
I -  — I g r a  ORF2
I — I p gm +
I - I tcm la . ORF1
I  — I tcm la . ORF2
- - - I whiCT 1
F ig u re  7.1. (A) A lignm ent of th e  5’ an d  3’ seq u en ce  of 16S rRNA from  S. 
coelicolor  (B aylis an d  Bibb, 1987), S. liv id a n s  S u zu k i a n d  Yamata, 1987) 
an d  E. coli (B rosius e t  al., 1981). A c ro ss  (+) in d ic a te s  a  nucleo tide  
c o n se rv e d  b e tw een  th e  th re e  16S rRNA seq u e n c es  a n d  th e  a s te r is k s  (*) 
show s a  n u c leo tid e  c o n se rv e d  betw een  only  th e  S tre p to m y c e s  seq u en ces . 
(B) A lignm ent of th e  5’ end  of 16S rRNA from  S trep to m y c es  w ith  
com plem entary  seq u e n c es  in  th e  te n ta tiv e  "dow nstream " re g io n s  of otrA  
(Doyle, 1987), otcC  (B u tler, u n p u b lish e d  w ork), o tcX  ORF1 an d  ORF2 (th is  
w ork), otcZ  ( th is  w ork), a c t l l l  (Hallam e t al., 1988), 0C31 c  (S incla ir an d  
Bibb, 1988), dagA  (B u ttn e r e t al., 1987), dhq  (White, u n p u b lish e d  w ork), 
g ra  ORF1 a n d  ORF2 (Sherm an e t al., 1989), pgm  (White, u n p u b lish e d  
re s u l t ) ,  tc m l  ORF1 an d  ORF2 (Bibb e t al., 1989) an d  whiG (Ch a te r  e t  al.,
1989). The line  (I—I) in d ic a te s  th e  e x ten t of th e  p ro p o se d  com plem entary  
b ase  p a ir in g , u s in g  th e  c r i te r ia  d e sc rib e d  in  Table 7.1.
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Table 7.1 S election  of gene  s t a r t s  from  S tre p to m y c e s  sp p  th a t  show  
some d e g re e  of com plem entarity  to  a  d is c re te  re g io n  a t  th e  5’ en d  of 16S 
rRNA.
g g a a u c c G A A c c c c c u c c . a u g . a a c a a g c U G A A U c u g g g c au c cu g g c c  
uugaucagA G G A G cgugu. a u g . c g g u a c g a C G U G g u g a u c g c c g g c g c g  
g g acc c cg A G G A cg c u u c . a u g . C C G U u c a c c c a g a a g g a a a u c a c c u a c  
cgaggacG G A G G acggcg . a u g . ag g g aacu g cccg aau u U C C G U G ^g au  
cccagaccA A G G A G uccc. a u g . a c c a c c a c a c c g c u c g c c c C C G U G g c c
B
a c t l l l  aggcagG G A G G gG A acac. a u g . g c c a c g c a g g a c U C C G a a g u c g c a c u g  
c (0 C 3 1 ) caacG A A gG G gcgggacc . a u g .aa g c g g g u cA C U C U C g g c g g cg g c a ag  
dagA  cgaag;AAGGAGaacgauc . gug  . g u c a a c cg a C G U G A u c u ca u c aa g u g g
d h q + u cacg g accG G A G G aacc . g u g . c c C C G c a g c c u g g c c a a c g c c c c g a u c
g r a  0RF1 caguacA G G A G G accacg . g u g . a c c c g a c g c g u a G U G A u c a c c g g g g u c  
g r a  0RF2 ccgccc.ggA G G A G G ccgc. gug  . a g ca c C C c U G A c c g c c g g c g g g c c g u c  
0R F12 1 5 * 1 cucaccuG A A A G G .gcgcg. a u g . u u c g acaccg aag aC G U G .g g cg u g u u c  
ORF1215* 2 c ac u g a cG A G G cc g g c ac . g u g . c a a c u c a c c U G A A a g g g c g c g a u g u u c  
pgm* u g g au u acg cu cG g A A G c. a u g . g c c g a c g c a C C G U a c a a g c u g a u c c u c
t c m l  0RF1 cgaaggugG G A G G cugag . a u g . a c c C G G c a c g c g g a g a a g c g g g u g g u g  
t c m l  0RF2 c c c g a a u u u c c g u g G G A u . g u g . c u g c u g C C G U a c a a g a a g c g c g c c g c g  
w hiG *1 aacg g cacu A G G cG A cg a . a u g . c c c c a g c a c a c C U C C G g g tc c g a c c g g  
w hiG *2 g c cc g c g ac G G U G g c a g c . g u g . c g a c c g c C C G c c c c c tc g a c g c u c g a c
auggacgcG G A G G ccgag . g u g . g u g ca tcC C G U G .g g g au cg ag au g g u g
a u g , g a c g c g g a g g c c g a g g u g g u g c a tc c c g u g g g g a u c g a g  
 . ................ ..  . CCGo r GUGg. .o r  . .CCGUGgg...........
a u g . a c c a c g a c c c a u g g c a g c a c g u a c g a a u u c c g c a g c g c g  
. . . . . . . . . . . . . .  . UGg. .o r  . CGU• .o r  . nUCCG• . . . . . .
a u g . g a c g a c a g c a c g u u g c g c c g g a a g u a c c c g c a c c a c g a g  
. . . . . . . . . . . . .  . CGU. o r  .CCG. .o r  • • *CCG. . . . . . . . .
The S h ine-D algar no (SD) an d  "dow nstream " seq u e n c es  a re  show n in  
u p p e r  case . N ucleotides th a t  ex tend  th e  SD an d  dow nstream  seq u e n c e  if  
G:U b ase  p a ir in g  is  allow ed a re  u n d e rlin e d . One m ism atch was p e rm itte d  
in  each  seq u en ce . The symbol (+) in d ic a te s  t ra n s la t io n  s t a r t  p o in ts  
confirm ed b y  NH2-se q u e n c in g  of th e  gene  p ro d u c t. The sym bol (*1) 
in d ic a te s  th e  a u th o rs  f i r s t  choice fo r  th e  s t a r t  codon. L ikew ise (*2) 
in d ic a te s  an  a lte rn a tiv e  tra n s la tio n  s t a r t  po in t. In  exam ples, w ere  on ly  
th re e  co n secu tiv e  w ere id en tified , on ly  th e  f i r s t  t r ip le t  o c c u r in g  
dow nstream  of th e  s t a r t  codon is in d ica ted . F o r re fe re n c e s  to  s e q u e n c e s  
see  te x t an d  F ig u re  7.1.
C
a f s A * 2 
a fsA *  1
s ta *
aph
A
o t r A
otcC*
o t c X l
o t c X 2
o t c Z
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fa v o u ra b le  in te ra c tio n s  w ith  5* se q u e n c e s  from  16S rRNA w ere
d is tr ib u te d  b e tw een  4 to  21 n u c leo tid es  dow nstream  of th e  s t a r t  codon.
In  th is  s tu d y , n u c leo tid es  a s  f a r  a s  39n t dow nstream  of th e  
p ro p o sed  tra n s la t io n  in itia tio n  codons of S tre p to m y c e s  g en es  (+39) w ere  
a n a ly se d  in itia lly  fo r  com plem entarity . Sim ilar to  th e  s itu a tio n  in  E. coli, 
i t  would a p p e a r  th a t  th e  coding  re g io n s  of S tre p to m y c e s  g en es  a lso  
co n ta in  a  seq u e n c e  of th re e  o r  more co n tig u o u s  n u c leo tid es  dow nstream  
of th e  tra n s la t io n  in itia tio n  codon w hich a re  com plem entary  to  th e  5* en d  
of S tre p to m y c e s  16S rRNA (Table 7.1). Of th e  o x y te tra cy c lin e  g en es , 
w hich h av e  b een  seq u en ced  com pletely  (Table 7.1, P anel A), th e  
p u ta tiv e  tra n s la t io n  in itia tio n  codons w ere  d e s ig n a te d  in itia lly  a f te r  
c o n sid e ra tio n  of codon u sag e  (Bibb e t  a l.t 1984) an d  p o te n tia l SD s ite s
(S hine a n d  D algarno, 1974). In  su p p o r t , a ll o f th e se  p o te n tia l g ene  
s ta r t s  co n ta in  a t  le a s t fo u r  co n secu tiv e  n u c leo tid es  dow nstream  of th e  
s t a r t  codons, w hich  a re  com plem entary  to  th e  5* en d  of 16S rRNA.
S eq u en ces  in  o tcX  PPCR1 (UCCGUGgg) an d  otcZ  (CCGUGg) h av e
b een  id en tif ie d , be tw een  +21 an d  +28 n u c leo tid es , w hich cou ld  form
h ig h ly  fa v o u ra b le  in te ra c tio n s  w ith  n u c leo tid es  a t  th e  5* en d  of 
S tre p to m y c e s  16S rRNA. On th e  b a sis  of th is  f in d in g , i t  is  s u g g e s te d  
th a t  p u ta tiv e  "dow nstream " in te ra c tio n s  sh o u ld  be c o n s id e re d  as  f a r  
dow nstream  as  +28 in  S trep to m y c es  g e n e s .  In  th is  s tu d y , all of th e  gene  
s t a r t s  w hich  w ere  exam ined co n ta in ed  a t  le a s t  th r e e  c o n se c u tiv e  
n u c leo tid es  dow nstream  of th e  p ro p o sed  s t a r t  codon th a t  w ere  
com plem entary  to  th e  5’ en d  of 16S rRNA.
A lthough, th e  m ost p ro b ab le  tra n s la t io n  in itia tio n  codons fo r  th e  
o x y te tra cy c lin e  g en es  w ere  a ss ig n e d  re la tiv e ly  easily , w ith o u t 
c o n s id e ra tio n  of "dow nstream " seq u e n c es , i t  h as  n o t a lw ays b een  
p o ssib le  to  do so solely  on th e  b asis  of su ita b ly  sp aced  S h in e-D alg ar no 
seq u en ces . The tra n s la t io n  s ta r t  codon fo r  whiG, fo r  exam ple, cou ld  n o t 
be a ss ig n e d  unam biguously , as  two p o te n tia l s t a r t  codons w ere p re c e d e d  
b y  su ita b ly  sp aced  seq u en ces  th a t  had  com plem entarity  to  th e  3* end  of 
16S rRNA (whiG*1 an d  w h i G Panel B) (C h a ter e t  al., 1989). A nalysis  of 
th e se  p o ten tia l gene s ta r t s  id en tified  fiv e  co n secu tiv e  n u c leo tid es  in
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w h iG 1 a n d  th re e  co n secu tiv e  n u c leo tid es  in  whiG*2, re s p e c tiv e ly , 
w hich  w ere  com plem entary  to  th e  5* e n d  of 16S rRNA. A lthough , th e  
w h iG 1 gene s t a r t  is  p re d ic te d  to  form  th e  m ost fav o u ra b le  in te ra c t io n  
w ith  th e  30S ribosom al su b u n it, i t  rem ains a  form al p o ss ib ility  th a t  th e  
w hiG 2 s t a r t  could  also be a  s ite  fo r  th e  in itia tio n  of tra n s la tio n .
The p ro p o sed  gene s t a r t  fo r  ORF1215 of th e  e lem ent IS110 (B ru ton  
a n d  C h a te r, 1987) co n ta in s  4 co n secu tiv e  n u c leo tid es  (6, if G:U b ase  
p a ir in g  is  co n sid e red ) dow nstream  of th e  te n ta tiv e  AUG s t a r t  w ith  
com plem entarity  to  th e  5* end  of 16S rRNA (Table 7.1. P anel B). 
A lthough , th e  te n ta tiv e  s t a r t  codon is  p re c e d e d  b y  a  re g io n  w ith  
com plem entarity  to  th e  3* end  of S tre p to m y c e s  16S rRNA, th e  p re c ise  
re g io n  of com plem entarity  is  u n co n v en tio n a l. I t  was no ticed , how ever, 
th a t  an  in -fram e  GUG codon, 24 n u c leo tid es  u p s tre am  of th e  p ro p o sed  
AUG codon, is  p re c ed e d  by  a  rea so n ab le  SD -like seq u e n c es  a n d  co n ta in s  
fo u r  c o n secu tiv e  n uc leo tides dow nstream  of th is  codon th a t  a r e  capab le  
of fo rm ing  com plem entary base  p a ir in g . On th e  b a sis  of th e  o v e ra ll 
com plem entarity  to  th e  5* an d  3* e n d s  of 16S rRNA, i t  is  s u g g e s te d  th a t  
th e  GUG codon u p stream  of th e  AUG codon shou ld  be c o n s id e re d  a s  a  
p o te n tia l s t a r t  codon. This p ro p o sa l is  c o n s is te n t w ith  th e  FRAME p lo ts
(B ru to n  an d  C hater, 1987) w hich s t a r t  to  d iv e rg e  a t  th is  p o in t in  th e
seq u en ce .
As in  E. coli, i t  is n o t uncommon in  S tre p to m y c e s  fo r  th e  f i r s t  
n u c leo tid e  of th e  tra n s la tio n  s t a r t  codon to  be a lso  th e  5’ te rm in u s  of 
th e  mRNA, fo r example; th e  strep to th fic in  a c e ty l t r a n s fe ra s e  ( s ta ) g en e  
from  S . lavendu lae  (H orinouchi e t  al., 1987), th e  am inoglycoside 
p h o s p h o tra n s fe ra s e  (aph) gene from  S. fra d ia e  (J a n sse n  e t  al., 1989) a n d  
th e  gene  re sp o n sib le  fo r  A -fac to r b io sy n th e s is  (a fsA ) of S. g r is e u s  
(H orinouchi e t al., 1989). A nalysis of th e  re g io n s  dow nstream  of th e  
p ro p o se d  tra n s la tio n  s ta r t  codons fo r  th e se  g en es  h a s  id e n tif ie d  in
each  case , a t  le a s t, th re e  co n secu tiv e  n u c leo tid es  w hich cou ld  form
com plem entary  base  p a irs  w ith  th e  5’ en d  of 16S rRNA (Table 7.1, P anel 
C). In te re s t in g ly , in  th e  afsA  m essage th e re  is  a  GUG, lo ca ted  six 
codons dow nstream  from th e  AUG codon a t  th e  5’ end . This GUG codon 
is  p re c e d e d  by  five co n secu tiv e  n u c leo tid es  th a t  could  form
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co n v en tio n a l base  p a irs  w ith  th e  3* en d  of 16S rRNA (a/sA*2) (H orinouchi 
e t  al., 1989). Downstream  of th e  GUG codon a re  5 co n secu tiv e
n u c leo tid es  (if G:U base  p a ir in g  is  co n sid e red ) w hich  cou ld  b ase  p a ir  
w ith  th e  5* en d  of 16S rRNA. On th e  b a s is  of com plem en tarity  of 
su rro u n d in g  seq u en ces  to  th e  16S rRNA, th e  GUG codon  m igh t be 
ex p ec ted  to  be th e  p rim ary  codon a t  w hich tra n s la t io n  of th e  a fsA  
m essage is in itia te d  (a/sA*2). S ite -d ire c te d  m u tag en esis  h a s  been  u sed  
to  c re a te  a  fram e sh if t  b e tw een  th e  AUG codon ( th a t  is  th e  5* codon of 
th e  afsA  m essage) an d  th e  GUG codon (H orinouchi e t  al., 1989). I t  w as 
in fe r r e d  from  th e  te n -fo ld  d e c rea se  in  th e  e x p re ss io n  o f a fsA  in  th e  
m u tan t, th a t  th e  AUG codon w as th e  p rim ary  s t a r t  codon, b u t, th a t  
t ra n s la t io n  a t  a  low lev e l cou ld  be in itia te d  a t  th e  dow nstream  GUG 
codon (H orinouchi e t al., 1989). An a lte rn a tiv e  h y p o th e s is  is  th a t  th e  
GUG gene s ta r t ,  w hich h as  ex ten s iv e  com plem entarity  to  b o th  th e  5* an d  
3* end  of 16S rRNA, was th e  p rim ary  s ite  fo r  tra n s la t io n  in itia tio n  a n d  
m u tag en esis  u p stream  of th e  GUG codon se v e re ly  a ffe c te d  th e  mRNA- 
ribosom e in te ra c tio n  in  an  unknow n m anner. A m ino-term inal seq u e n c in g  
of th e  afsA  gene p ro d u c t would re so lv e  th e se  tw o p o ssib ilitie s .
I t  h as been  p ro p o sed  th a t  th e  lack  of SD seq u e n c es  in  th e  mRNA 
of th e  above examples may be re la te d  to  an  unknow n m echanism  of 
d iffe re n tia l gene ex p re ss io n  (H orinouchi e t  al., 1989). The 
"dow nstream " seq u en ces  of th e  above gene s t a r t s  do n o t a p p e a r  to  
co n ta in  s ig n ific an tly  lo n g e r  ru n s  of c o n secu tiv e  n u c leo tid e s  w ith  
com plem entarity  to  th e  5* en d  of 16S rRNA, com pared  to  th o se  w ith  SD 
seq u en ces . In  th e se  exam ples, i t  is  p o ssib le  th a t  o th e r  u n know n  fa c to rs  
a re  re q u ire d  to  ta rg e t  30S ribosom al su b u n its  to w ard s  th e  tra n s la t io n  
codon a t  th e  extrem e 5’ en d  of th e  m essage. A lthough  th is  p re lim in a ry  
an a ly s is  h as  fo cussed  so lely  on th e  seq u en ce  c o n te n t of g en e  s ta r t s ,  i t  
shou ld  be no ted  th a t  th e  sec o n d a ry  s t r u c tu r e  of mRNA a ro u n d  th e  s t a r t  
codon is  also believed  to  have  an  im p o rtan t ro le  in  co n tro llin g  
tra n s la tio n . The re a d e r  is  d ire c ted  to  p a p e rs  b y  I s e r e n ta n t  an d  F ie rs  
(1980) an d  de Smit and  v an  Duin (1990) fo r  d iscu ss io n  an d  re fe re n c e s  on 
th e  ro le  of seco n d ary  s t r u c tu r e  in  tra n s la tio n  in itia tio n .
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7.2.3 N ucleotides of 16S rRNA im plicated  in  b in d in g  to  "dow nstream " 
re g io n s
A lignm ent of th e  te n ta tiv e  "dow nstream " re g io n s  w ith  th e  
com plem entary  seq u e n c es  in  th e  5* end  of 16S rRNA, re v e a le d  th a t  on ly  
7 n t (AGGCACU) of th e  17n t a t  th e  5* end  of S tr e p to m y c e s  16S rRNA w ere 
re p e a te d ly  im plicated  in  dow nstream -30S ribosom al s u b u n it  in te ra c tio n s  
(Table 7.1). S ta te d  more p re c ise ly , th e  seq u e n c es  of mRNA com plem entary  
to  th e  16S rRNA co n ta in , in  p a r t ,  s e v e ra l c o n se rv e d  n u c leo tid es  from  
th e  s t r in g  T.CarT.CorT.G.T.G.AarG w ith in  th e  f i r s t  25 n u c leo tid es  of th e  
cod ing  seq u en ce  im m ediately following th e  in itia tio n  codon. The 
a lte rn a tiv e  n u c leo tid es  w ith in  th e  s t r in g  a r is e  from  p o ssib le  G:U b ase  
p a irin g .
The n u c leo tid es  AGGCACU a t th e  5* en d  of 16S rRNA from  
S tre p to m y c e s , w hich  a re  te n ta tiv e ly  in v o lv ed  in  mRNA reco g n itio n  a re  
n o t p r e s e n t  a t  th e  e q u iv a le n t position  in  16S rRNA from  E. coli. This is  
n o t s u rp r is in g , p e rh a p s , a s  th e  mol% G+C com position of th e se  two 
b a c te r ia  a re  v e ry  d if fe re n t. I t  is  conceivable  t h a t  seq u e n c es  a t  th e  5* 
en d  of 16S rRNA, w hich a re  invo lved  in  "dow nstream " re c o g n itio n , have  
evo lved  to  accom m odate th e  p a r tic u la r  codon u sag e  of in d iv id u a l 
b a c te r ia l g en era . I t  w ould be in te re s t in g , th e re fo re , to  com pare 
seq u en ces  a t  th e  5* en d  of 16S rRNA an d  gene s t a r t s  from  a  v a r ie ty  of 
g e n e ra  w ith  m arked ly  d if fe re n t G+C com positions, to  e s ta b lis h  if th e re  is  
a n y  co rre la tio n  w ith  th e  b ia sed  usag e  of synonym ous codons.
A lthough m any S trep to m y c es  p ro m o ters  a r e  n o t t r a n s c r ib e d  in  E. 
coli, th e  b in d in g  of S tre p to m y c e s  mRNA to  E. co li ribosom es a p p e a rs  to  
p ro ceed  norm ally w hen t ra n s c r ip t io n  is  fa c ilita ted  b y  an  a d ja c e n t E. coli 
p rom oter (H un ter an d  B aum berg, 1989). F or exam ple, th e  ofcrApl p ro m o ter 
an d  th e  5* end  of th e  o trA  re s is ta n c e  gene  (n u c leo tid e s  +1 to  +1146) can  
d ire c t  ex p re ss io n  of a  0trA:LacZ fu sion  p ro te in  in  E. coli (McDowall, 
u n p u b lish e d  re s u lt) .  The ex p ress io n  of S tre p to m y c e s  g en es  in  E. coli 
( inc lud ing  exam ples w h ere  an  E. coli p ro m o ter is u sed  to  d ire c t  
t ra n s c r ip tio n )  s u g g e s ts  th a t  "dow nstream " s e q u e n c e s  in  S tre p to m y c e s  
gene  s ta r t s ,  w hich only  ra re ly  show an y  com plem entarity  to  th e  5’ end
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of E. coli 16S rRNA, a re  n o t th e  p r in c ip a l d e te rm in an ts  th a t  d ir e c t  th e  
30S ribosom al s u b u n it to  th e  c o r re c t  tra n s la tio n  in itia tio n  codon  on 
mRNA. In  g en era l, an  in te ra c tio n  w ith  th e  Sh ine-D algarno  seq u en ce  
alm ost c e r ta in ly  d ire c ts  th e  30S ribosom al su b u n it to  bona fid e  
t r a n s la t io n  in itia tio n  codons (Gold an d  Storm o, 1987). N ev erth e le ss , th e  
s ta t is t ic a l  an a ly s is  of E. coli g en es  h as rev ea led  th a t  co n tig u o u s  
n u c leo tid es  in  th e  "dow nstream " re g io n  w ith  com plem entarity  to  th e  5’ 
end  of 16S rRNA a re  a  c o n se rv e d  fe a tu re  of a u th en tic  tra n s la t io n  
in itia tio n  codons. Downstream in te ra c tio n s  may have  an  im p o rtan t ro le , 
th e re fo re , in  determ in ing  th e  e ffic ien cy  of tra n s la tio n , p e rh a p s  by  
s tab ilis in g  mRNA-30S s u b u n it in te ra c tio n s  d u rin g  th e  form ation of th e  
in itia tio n  complex.
7.3 Scope of F u tu re  S tu d ies
This lim ited s tu d y  h as show n th a t  co n secu tiv e  n u c leo tid es  
dow nstream  of th e  tra n s la tio n  s t a r t  codons in  S trep to m y c es  g ene  s ta r t s  
have th e  p o ten tia l to b ind  th e  5* en d  of 16S rRNA. This p ro p o sed  
in te ra c tio n  is en v isag ed  to  be im p o rtan t in  de term in ing  th e  e ffic ien cy  of 
tra n s la tio n .
In  E, coli, th e  p ro b ab ilitie s  of co n tig u o u s nuc leo tid es  located  
dow nstream  o f. tra n s la tio n  in itia tio n  codons o c c u rr in g  a t  random  w ith  
com plem entarity  to  seq u en ces  a t  th e  5’ en d  of 16S rRNA w ere ca lcu la ted  
u s in g  a simple equation  (P e te rse n  e t al., 1988). I t  was assum ed th a t  th e  
fo u r  nuc leo tid es  A, C, G and  T w ere d is tr ib u te d  random ly a t  th e  
b eg in n in g  of th e  coding reg io n s . This would c lea rly  n o t be a  v a lid  
a ssum ption  fo r th e  an a ly s is  of "dow nstream " in te ra c tio n s  in  
S trep to m y c es . The av erag e  mol G+C com position in  th e  f i r s t ,  second  an d  
th ir d  position  of S trep to m yces  codons is  70%, 45% and  90% re sp e c tiv e ly : 
th is  is c lea rly  non-random .
The second app roach , ta k e n  b y  P e te rse n  and  co lleagues to  
an a ly se  "dow nstream  in te ra c tio n s"  s ta tis tic a lly , could be a d o p ted  to  
an a ly se  S trep to m yces  gene s ta r ts .  They c re a te d  a  file of "fa lse"  gene 
s ta r t s  by  sea rch in g  the  EMBL d a tab ase  fo r  SD-like seq u en ces  followed
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b y  s u ita b ly  sp aced  AUG codons, w hich  w ere n o t th o u g h t to  be  
a u th e n tic  seq u en ces  fo r  th e  in itia tio n  of tra n s la t io n . The d is tr ib u tio n  of 
seq u e n c es  com plem entary  to  th e  5* e n d  of 16S rRNA in  files  of 
approx im ate ly  150 " tru e "  a n d  "fa lse"  g en e  s t a r t s  w ere  th e n  com pared . 
In  th is  w ay, th e  o c c u rre n c e  of com plem entary  seq u e n c es  w as ’ show n to  
be s ta t is t ic a lly  s ig n if ic a n t in  th e  dow nstream  re g io n s  of re a l s t a r t  
codons. T his an a ly s is  im plied th a t  th e  codon u sag e  a t  th e  s t a r t  o f E, coli 
g en es  w as b iased  to  accom m odate fa v o u ra b le  b ase  p a ir in g  w ith  th e  16S 
rRNA. The u sag e  of synonym ous codons in  S tre p to m y c e s  is  a lre a d y  
s tro n g ly  b iased  to w ard s  th o se  co n ta in in g  G an d  C re s id u e s . The 
n u c leo tid es  GGCACU a t  th e  5* en d  of 16S rRNA, w hich a re  th e  p r in c ip a l 
n u c leo tid es  im plicated in  th e  b ase  p a ir in g  w ith  th e  dow nstream  
seq u e n c es  (involved  in  g re a te r  th a n  50% of th e  p ro p o sed  in te ra c t io n s , 
F ig u re  7.1) a re  re p re s e n ta t iv e  of th e  a v e ra g e  mol% G+C com position of 
th e  S tre p to m y c e s  genome. I t  is  p o ssib le , th e re fo re , th a t  th e  g e n e ra l 
b ia sed  u sag e  of synonym ous codons in  S trep to m y c es , c o n tr ib u te s  to  th e  
h ig h  fre q u e n c y  w ith  w hich co n secu tiv e  n u c leo tid es , com plem entary  to  th e  
5* en d  of 16S rRNA, a re  found  dow nstream  of tra n s la t io n  s t a r t  codons. 
With an  in c re a s in g  num ber of g en es  from  S tre p to m y c e s  b e in g  seq u e n c ed , 
c u r r e n t ly  a ro u n d  50 have been  p u b lish e d , i t  shou ld  soon be p o ssib le  to  
an a ly se  S trep to m y c es  gene s ta r t s  s ta tis tic a lly , in  a  sim ilar m an n er to  E. 
coli, an d  determ ine if th e  o b se rv e d  com plem entarity  in  dow nstream  
re g io n s  of S trep to m yces  g en es  could  be u se d  a s  an  ad d itio n a l c r i te r io n  
to  e lu c id a te  au th en tic  tra n s la t io n  s t a r t  p o in ts .
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CONCLUDING REMARKS
The p rim ary  o b jec tiv e  of th e  w ork  d e sc r ib e d  in  th is  th e s is  was 
to  c h a ra c te r is e  th e  tr a n s c r ip t io n  of th e  otrA  re s is ta n c e  gene  d u r in g  th e  
fe rm en ta tio n  of o x y te tra cy c lin e  (OTC). The o trA  g ene  w as tr a n s c r ib e d  
from  two p ro m o te rs , o trA p l an d  o tcC p l, w hich w ere  re g u la te d  
d iffe ren tia lly . D uring  th e  p e rio d  of v e g e ta tiv e  g ro w th  th a t  p re c e d e d  
an tib io tic  p ro d u c tio n , otrA  w as t r a n s c r ib e d  p rin c ip a lly  from  th e  o trA p l 
p ro m o ter, w hich is  located  in  th e  in te rg e n ic  reg io n  betw een  th e  5* en d  
of otrA  an d  th e  3* en d  of th e  b io sy n th e tic  gene  otcZ. The re la tiv e  
am ount of t r a n s c r ip ts  o r ig in a tin g  from  o trA p l d e c re a se d  w ith in  th e  
to ta l RNA po p u la tio n  as  th e  g ro w th  ra te  slowed. At th e  o n se t of 
an tib io tic  p ro d u c tio n , th e  otrA  r e s is ta n c e  gene w as show n to  be 
t r a n s c r ib e d  from  beyond  th e  3* en d  of o tcZ  A p ro m o ter w as lo ca ted  
u p s tre am  of otcC , w hich is th e  b io sy n th e tic  gene  s itu a te d  u p s tre am  of 
otcZ. The o tcC pl p rom oter show ed maximal a c tiv ity  d u r in g  th e  e a r ly  
p h ase  of OTC p ro d u c tio n . As S I n u c lease  m apping exp erim en ts  d id  n o t 
id e n tify  t r a n s c r ip ts  o r ig in a tin g  from  im m ediately u p s tre am  of otcZ, i t  
w as concluded  th a t  d u rin g  an tib io tic  p ro d u c tio n  otrA  w as t r a n s c r ib e d  
p ro b a b ly  as  p a r t  of a  otcC -o tcZ -o trA  p o ly c is tro n ic  m essage. S uch  an  
a rra n g e m e n t would e n su re  th a t  th e  lev e l of re s is ta n c e  to  OTC in c re a se s  
in  acco rd an ce  w ith  th e  level of an tib io tic  p ro d u c tio n . I t  rem ains to  be 
show n d ire c tly , how ever, th a t  a  5 .3kb t r a n s c r ip t  ex ten d s  from  th e  
p ro m o ter otcC pl to  th e  rh o - in d e p e n d e n t te rm in a to r, w hich  is  lo cated  
im m ediately dow nstream  of otrA .
N o rth e rn  an a ly s is  (Alwine e t  al., 1977; F o u rn ey  e t  al,, 1988) may 
a p p e a r  to  be a  s tra ig h tfo rw a rd  te c h n iq u e  fo r  confirm ing th e  p re s e n c e  of 
th e  5.3kb otcC -o tcZ -o trA  p o ly c is tro n ic  m essage. For unknow n re a so n s , 
how ever, a  re liab le  p ro toco l h as n o t b een  developed  fo r  an a ly s in g  RNA 
from  S trep to m y c es  by  N o rth e rn  a n a ly s is . R ecen tly , an  a lte rn a t iv e  
a p p ro a c h  has b een  developed  to  map t r a n s c r ip ts  from  S tre p to m y c e s  a t  
low re so lu tio n  (Smith, u n p u b lish e d  w ork). Sam ples of to ta l RNA a re  
h y b rid iz e d  (as d e sc rib e d  fo r h ig h -re so lu tio n  S I m apping) to  a  s e r ie s  of 
s in g le -s t ra n d e d  M13 c o n s tru c ts , w hich co n ta in  o v e rlap p in g  in s e r ts  from  
th e  reg io n  of in te re s t .  The RNA sam ples a re  th e n  d ig e s te d  w ith  S I
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nuc lease . The RNA/DNA d u p lex es , w hich  a re  n o t d ig e s te d  b y  S I n u c lease , 
a re  th e n  re so lv ed  on a g a ro se  g e ls  b y  e le c tro p h o re s is . The RNA- 
p ro te c te d  frag m en ts  a re  th e n  t r a n s f e r r e d  to  n y lon  m em branes b y  
cap illa ry  b lo ttin g  u n d e r  a lkali co n d itio n s  (as fo r  S o u th e rn  a n a ly s is ) . The 
imm obilised DNA can  th e n  be  a n a ly se d  u s in g  ra d io -la b e lle d  
o ligonucleo tides o r  p ro b e s  p ro d u c e d  b y  th e  random  p rim e r m ethod. I t  is  
p o ssib le  to  map p re c ise ly  th e  p o s itio n  of t r a n s c r ip t io n  u n its , b y  
a n a ly s in g  th e  R N A -protected frag m e n ts  w ith  a  n u m b er of d if f e re n t  
p ro b e s . The m ost time consum ing  p a r t  of th is  te c h n iq u e  is  th e  in s e r t io n  
of th e  DNA frag m en ts  from  th e  re g io n  of in te r e s t  in to  M13mpl8 a n d  
M13mpl9. A lready  m uch of th e  o x y te tra cy c lin e  c lu s te r  h a s  b een  
su b c lo n ed  in to  th e s e  v e c to rs  to  en ab le  seq u e n c in g  (B u tle r, 
u n p u b lish e d  w ork) a n d  th is  te c h n iq u e  may be u se fu l fo r  d e te rm in in g  
th e  o rg an isa tio n  of t r a n s c r ip t io n  u n its  w ith in  th e  o tc  c lu s te r .
S equencing  of th e  Smal^-BcKs f rag m e n t id e n tif ie d  a  s in g le  PPCR 
betw een  th e  3* end  of otcC an d  th e  5* en d  of otrA . The p re d ic te d  amino 
ac id  seq u en ce  of th e  d e riv e d  gene  p ro d u c t was v e ry  sim ilar to  th e  
amino acid  sequence  of a  m e th y ltra n s fe ra se  from  bov ine  p in ea l g la n d s  
(Ish id a  e t al,, 1987) a n d  a  p o ly p ep tid e  p re d ic te d  from  a  PPCR in  a  
segm en t of th e  te tracen o m y c in  c lu s te r  from  S. g la u c e sc e n s , w h ich  
com plem ents tc m ll  an d  tcm V  m u tan ts  th a t  accum ulate  C-3 d em ethy l 
in te rm ed ia te s  (H utchinson , p e rs . comm.). S -ad en o sy lm eth ion ine  (SAM) h a s  
b een  show n to  be th e  m ethyl g ro u p  donor in  th e  m eth y la tio n  re a c tio n  
c a ta ly sed  by  bovine p in ea l g land . A p o ssib le  SAM b in d in g  s ite  w as 
id e n tif ie d  in  a  reg io n  w hich w as h ig h ly  c o n se rv e d  in  a ll th r e e  
p o ly p ep tid es . I t  was concluded  th a t  th e  otcZ  g ene  en coded  a  p o ly p e p tid e  
th a t  c a ta ly sed  th e  C-6 m ethy la tion  of th e  te tra c y c lic  n u c leu s  to  from  6- 
m eth y lp re te tram id . I t  is p re d ic te d  th a t  o tcZ  m u tan ts  will accum ula te  C-6 
dem ethy l in te rm ed ia tes . The otcC  g ene, w hich en co d es  th e  ATC 
ox ygenase , was no t d e sc rib e d  in  a n y  d e ta il w ith in  th is  th e s is ,  a s  i t  w as 
seq u e n c ed  in  co llaboration  w ith  M.J. B u tle r, fo rm erly  of P fize r.
Two PPCRs, w hich w ere encoded  on th e  opp o site  s t r a n d  to  otcC , 
o tcZ  an d  otrA , w ere id e n tif ie d  w ith in  th e  Sphli2-SstLi3  f ra g m e n t of th e  
o tcX  reg ion . Comparison of th e  amino acid  seq u en ces  of th e  p re d ic te d
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p ro d u c ts  from  th e se  PPCRs w ith  e n tr ie s  in  th e  N B R F-protein  an d  EMBL 
d a ta b a se s  d id  n o t id e n tify  a n y  s im ila rity  to  p o ly p e p tid e s  w ith  know n 
fu n c tio n s . The S p h l - S s t l  f rag m e n t h a s  b een  show n to  h y b rid iz e  to  a  
reg io n  w ith in  th e  actVa re g io n  of th e  a c tin o rh o d in  c lu s te r  of 5. 
coelicolor (B u tle r e t  ah , 1990), w hich h as  b een  im plicated  in
h y d ro x y la tio n  (Hopwood e t al,, 1985; Cole e t  a l ,  1987). The PP.CRs in  th e  
S p h L -S stI  frag m en t may encode p o ly p e p tid e s  w ith  fu n c tio n s  re q u ire d  fo r  
th e  C-4 h y d ro x y la tio n  of 6-MPT. Should  th is  be th e  case , m u tan ts  
a lte re d  in  th e  fu n c tio n s  of th e se  p o ly p e p tid e s  w ould be  p re d ic te d  to  
accum ulate  C-4 d eh y d ro x y l in te rm ed ia te s .
S eq u encing  of DNA re g io n s  in  th e  o tc  c lu s te r , w hich  h y b rid iz e  
w ith  th e  a c t l  an d  a c t l l l  p ro b e s  (d e sc r ib e d  b y  M alpartida  e t  al,, 1987), 
has  id e n tif ie d  a  num ber of PPCRs th a t  a re  b e liev ed  to  encode 
p o ly p ep tid e s  re q u ire d  fo r  th e  b io sy n th e s is  of th e  p o ly k e tid e  b ackbone  
(Sherm an, p e rs . comm.; T ham chaipenet, p e rs . comm.) U sing  th e  seq u en ce  
d a ta  availab le  fo r  th e  o tc  c lu s te r ,  i t  is  now p o ss ib le  to  in tro d u c e  
defined  m utations in to  a  num ber of PPCRs. S ite -d ire c te d  m u tag en es is  
could  be u sed  to  c re a te  a  s e r ie s  of in -fram e  m u ta tions, w hich  w ould 
ho p efu lly  in ac tiv a te  th e  gene p ro d u c ts  w ith o u t d is ru p tin g  tra n s c r ip t io n  
an d  tra n s la tio n . The m uta ted  PPCR a n d  f lan k in g  seq u e n c es  w ould th e n  
be in tro d u ce d  in to  S. r im osus  on d e riv a tiv e s  of th e  te m p e ra tu re -  
s e n s itiv e  v e c to r pSG5 (Muth e t  al,, 1989), w hich co n ta in  r e s is ta n c e  
m ark e rs  th a t  can  be se le c t in  S. r im osus  (H un ter, u n p u b lish e d  w ork). 
R eplacem ent of th e  w ild -ty p e  gene  w ith  th e  m u ta ted  gene  w ould be 
ach iev ed  in  two s tep s . I t  sh o u ld  be p o ssib le  to  iso la te  reco m b in an ts  
p ro d u c e d  by  a  sing le  recom bination  e v e n t be tw een  se q u e n c e s  c loned  on 
th e  plasm id and  homologous seq u en ces  on th e  chrom osom e. T his would be 
ach iev ed  by  in cu b a tin g  tra n s fo rm a n ts  a t  te m p e ra tu re s  w hich  r e s t r i c t  th e  
rep lic a tio n  of th e  plasm id, while s till m ain tain ing  se lec tio n  fo r  plasm id 
m ark e rs . A fter c u ltu re  of th e se  reco m b in an ts  a t  th e  r e s t r ic t iv e  
te m p e ra tu re , iso la tes  would be sc re e n e d  fo r  th e  lo ss  of th e  a n tib io tic  
re s is ta n c e  c o n fe rre d  b y  th e  plasm id an d  th e  re c ip ro c a l reco m b in atio n  
e v e n t th a t  rem oves th e  w ild -ty p e  gene. A co llabo ra tion  h a s  b een  
e s ta b lish e d  w ith Dr R.A. Hill from  th e  C hem istry  D epartm en t a t  th e  
U n iv e rs ity  of Glasgow to  an a ly se  th e  p o ly k e tid e  p ro d u c ts  an d  s h u n t
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m etabolites p ro d u ced  by  d efined  m u tan ts . By com bining e x p e r tise  in  
a n a ly s in g  p o ly k e tid e  ch em istry  an d  th e  m olecular g en e tics  of S, r im osus, 
i t  shou ld  be possib le  to  e s ta b lish  o r confirm  th e  fu n c tio n  of in d iv id u a l 
g en es  in  OTC b io sy n th esis .
Com parison of th e  p ro m o ters  o tcC pl an d  otcXp i ,  b o th  of w hich  a re  
m ost a c tiv e  a t  th e  o n se t of an tib io tic  p ro d u c tio n , id en tified  a  c o n se rv e d  
seq u en ce  th a t  resem bled  p h o  boxes in  E, coli (Makino e t al,, 1986; 1988). 
This seq u en ce  h as been  d e s ig n a te d  th e  Q xy te tracycline  .pho-like box (opl 
box). Sim ilar m otifs h av e  b een  id e n tif ie d  in  o th e r  p ro m o te rs  from  
S trep to m y c es , w hich a re  re g u la te d  b y  p h o sp h a te  (L iras e t  al,, 1990). 
This c o n se rv e d  seq u en ce  is  be lieved  to  be th e  b in d in g  s ite  fo r  a  
re g u la to ry  p ro te in  w hich a c tiv a te s  t r a n s c r ip t io n  from p ro m o te rs , u n d e r  
co n d itions of low p h o sp h a te .
The iso la tion  and  c h a ra c te r is a tio n  of th e  re g u la to ry  p ro te in , w hich  
is b e liev ed  to  b ind  opl boxes, r e p re s e n ts  th e  n ex t m ajor ch a llen g e  in  
u n d e rs ta n d in g  th e  m olecular m echanism  th a t  re g u la te s  OTC p ro d u c tio n . 
The iso la tion  of to ta l RNA from  c u ltu re s  of S, r im o su s  M l5883 a t  
d if fe re n t s ta g e s  d u rin g  th e  fe rm en ta tio n  of OTC h as show n th a t  th e  
o tcC -o tcZ -o trA  p o ly c is tro n ic  m essage an d  p o ss ib ly  o th e r  t r a n s c r ip t s  of 
th e  o x y te tra cy c lin e  c lu s te r  a re  m ost a b u n d a n t a t  th e  o n s e t of OTC 
p ro d u c tio n . The re g u la to ry  p ro te in  w hich
is p ro p o se d  to  b in d  p ro m o ters  in  th e  o tc  c lu s te r  a n d  a c tiv a te  
tr a n s c r ip t io n  is  p re d ic te d  to  be m ost a b u n d a n t  a n d /o r  a c tiv e  e a r ly  in  
th e  p ro d u c tio n  of OTC. One of th e  a d v a n ta g e s  of s tu d y in g  a n tib io tic  
p ro d u c tio n  in  S, r im o su s  M4018 a n d  M15883, w hich  h av e  b een  s tu d ie d  
in te n s iv e ly  due  to  th e  com m ercial im portance  of o x y te tra cy c lin e , is  t h a t  
re p ro d u c ib le  fe rm en ta tio n s  have been  e s ta b lish e d  w hich y ie ld  h ig h  
lev e ls  of OTC. The a b ility  to  p re d ic t  w hen  OTC will b e  p ro d u c e d  in  b a tc h  
c u ltu re s  sh o u ld  ease  th e  iso la tion  of re a so n a b le  am ounts o f a c tiv e  
re g u la to ry  p ro te in , w hich in  tu r n  will a id  th e  c h a ra c te r is a tio n  of o p h  
p ro te in  in te ra c tio n s .
P o ssib ly , th e  m ost p e rp lex in g  r e s u l t  of th is  w ork w as th e  f in d in g  
th a t  th e  DNA elem ents w hich d ire c te d  tra n s c r ip t io n  of x y lE  in  pIJ2843
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c o n s tru c ts  a n d  h y b rid ize d  to  th e  S p h L iz -S s tln  re g io n  d id  n o t 
c o rre sp o n d  to  e ith e r  o tcC pl o r  otcX p i .  Should  th e  p la sm id -a c tiv e -  
p ro m o ter (PAP) elem ents, w hich w ere c loned  in  S. liv id a n s  
tra n s fo rm a n ts  8(12) an d  15, be a c tiv e  in  th e  chrom osom e, th e y  w ould 
d ire c t  th e  s y n th e s is  of RNA th a t  w as com plem entary  to  th e  mRNA fo r  
otcX  PPCR1 a n d  PPCR2. I t  w as co n c lu d ed  th a t  th e s e  a n tis e n se  RNA 
t r a n s c r ip ts  w ere  u n lik e ly  to  be mRNAs, a s  PPCRs w ere  n o t id e n tif ie d  on 
th e  op p o site  s t r a n d  to  o tcX  PPCR1 an d  PPCR2.
U sing to ta l RNA iso la ted  from  S. r im o su s  a t  d if f e re n t  s ta g e s  in  th e  
fe rm en ta tio n  of OTC, S I n u c lease  m apping ex p erim en ts  fa iled  to  d e te c t  
t r a n s c r ip ts  a r is in g  from  th e  re g io n s  c loned  in  iso la tes  8 a n d  15. P rim er 
ex tension  a n a ly s is  could  be u sed  to  e s ta b lish  th e  tra n s c r ip t io n  s t a r t  
p o in ts  of th e  PAP e lem ents, b y  an n ea lin g  th e  r e v e r s e  p rim er fo r  
pIJ2843 to  to ta l RNA iso la ted  from  c u ltu re s  of iso la te s  8 an d  15 (a t th e  
e a r lie s t  p o ssib le  time p o in t w hen x y lE  w as be in g  e x p re sse d )  a n d  
ex ten d in g  th e  p rim er u s in g  re v e r s e  t r a n s c r ip ta s e .  One p o ssib le  
exp lanation  fo r  w hy p rim er ex ten sio n  an a ly s is  of th e  t r a n s c r ip ts  
o rig in a tin g  from  o tcC pl d id  n o t d e te c t t r a n s c r ip ts  o r ig in a tin g  from  th e  
PAP elem ents, is  th a t  th e y  te rm in a ted  b e fo re  th e  an n ea lin g  s ite  of th e  
p rim er. Should th e  p rim er ex ten sio n  a n a ly s is  of to ta l RNA from  S. 
liv id a n s  tra n s fo rm a n ts  8 an d  15 id e n tify  t r a n s c r ip ts  w ith  a  re a so n a b le  
d is tan ce  (>40 n u c leo tid es) be tw een  th e  5* en d  an d  seq u e n c es  d e r iv e d  
from  pIJ2843, i t  would be p o ssib le  to  u se  o lig o n ucleo tides th a t  w ere  
com plem entary  to  seq u en ces  close to  th e  5* en d  of th e  t r a n s c r ip ts  to  
id e n tify  s h o r t  t r a n s c r ip ts  o r ig in a tin g  from  th e  PAP e lem ents in  to ta l 
RNA iso la ted  from  S. rim osus  b y  p rim er ex tension . I t  is  a lso  p o ssib le  
th a t  th e  a n tis e n se  t r a n s c r ip ts  in  th e  otcX  re g io n  w ere  n o t d e te c te d , a s  
th e  PAP elem ents a re  on ly  ac tiv e  tra n s ie n t ly . Not know ing th e  ro le  of 
th e se  t r a n s c r ip ts ,  i t  is  im possible to  p re d ic t  w hen th e y  m igh t be  
sy n th es iz ed . An a lte rn a tiv e  ap p ro ach  to  d e te c tin g  t r a n s c r ip t io n  from  th e  
PAP elem ents may be to  in s e r t  a  p ro m o terless  copy  of th e  x y lE  r e p o r te r  
gene in to  th e  chromosome dow nstream  of th e  PAP elem ents. The x y lE  
r e p o r te r  gene would be in te g ra te d  a s  p ro p o se d  p re v io u s ly  fo r  re p la c in g  
w ild -ty p e  genes in th e  o tc  c lu s te r  w ith  g en es  m u ta ted  by  s i te -d ire c te d  
m utagenesis.
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F u r th e r  a n a ly s is  of o x y te tracy lin e  p ro d u c tio n  in  S. r im o su s  u s in g  
m olecular g en e tic s  p rom ises to  re v e a l m any in te re s t in g  fa c e ts  ab o u t th e  
re g u la tio n  of a n tib io tic  b io sy n th e s is  an d  i ts  in te g ra tio n  in to  th e  complex 
life  cycle of S tre p to m y c e s . G enetic m anipu la tion  will a lso  be an  
im p o rtan t tool fo r  a c c e ss in g  th e  c o n tr ib u tio n  of g e n es  w ith in  th e  o tc  
c lu s te r  to  th e  b io sy n th e s is  of o x y te tracy c lin e .
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